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Linked to the Earth by Power 


HE GIANT "MAINLINER" winging its way across illimitable skies is not as free 
and unattached as it appears to be. It is Knked to the earth by agencies which, 
though invisible, are as real and tangible to the pilot as are the rails to the loco- 
motive engineer. Invisible channels of radio-frequency energy keep the giant air- 
liner on its course; radio communication circuits maintain a steady and constant con- 
tact with the ground stations, weather reports carried on the wings of radio warn the 
pilots of storms and fogs, and now, within the past week, comes the announcement 
of the absolute radio altimeter which measures the ship's actual height above the 
earth with uncanny accuracy. At the airport, power in a half dozen forms con- 
tributes to safety in landing and taking off. 4 At the Chicago Municipal Airport 
several weeks ago the importance of power was demonstrated by its absence. Due 
to the failure of a feeder cable supplying electric service to the airport, a half dozen 
ships were kept aloft for nearly an hour during one of the busiest periods of the 
evening. All the ground radio transmitters were "off'’ and the main lighting system 
‘was out of service causing considerable inconvenience to ships in making landings. 
Two ships managed to land with the aid of their own searchlight but others remained 
aloft until the power service was resumed. Two other ships went 90 miles north to 
Milwaukee to land their passengers. 4 This power failure caused considerable agita- 
tion among some of the members of the city council and the newspapers played it up 
in the usual dramatic fashion, but much of this excitement was probably uncalled for. 
After all, the airport has been operating for some twenty years and in all of that 
time a single hour's interruption is little enough, but the event did bring home the 
fact that electric power plays an important part in modern air transport service. 
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WITH THE EDITORS 





Together They'll Win 


MANY BENEFITS may be derived from an under- 
standing of other people’s problems, particularly when 
the solutions to these problems affect our own work. Years 
ago manufacturers of power equipment took occasion 
to secure the cooperation of the users of their products 
in working out faults in design, choice of materials, 
inconvenience of operation, adjustments in sales agree- 
ments, and other problems that confront both manu- 
facturer and user.. Every day we learn of some equip- 
ment that has been installed in a plant as an experiment 
to be paid for only if it fulfills the purpose for which 
it is installed. Other cases have been noted where equip- 
ment is tested to destruction under operating conditions 
because laboratory equipment was not available for the 
purpose. Again plant owners have cooperated with 
manufacturers who are developing equipment by per- 
mitting the installation of devices on their equipment 
and the recording of results by the manufacturer’s 
engineers. 

Such cooperation has been of benefit to both the 
manufacturer and the user, not only in the develop- 
ment of safer and more economical equipment but also 
in the growth of a better and more friendly under- 
standing between the manufacturer and his customer. 
With such an example before them it is not surprising 
that the producers and users of coal have found the 
two joint meetings they have held of great value to 
both groups. 

Until recent years, the material that came out of 
the mines as coal was sold almost in toto without prepa- 
ration for the market other than sizing and picking 
out large lumps of slate. The coal user was then forced 
to use what was delivered to him whether it was suited 
to his conditions or not. He could of course specify 
the mine from which his coal was to come but, as every 
engineer knows, the variation in quality of coal from 
almost any mine is so great that whereas one shipment 
may be entirely satisfactory, the next may be decidedly 
unsuited for his furnace. For a time coal was pur- 
chased on a B.t.u. basis only. This seemed a reasonable 
method of specifying but with changes in burning 
methods, such problems as slagging characteristics, fly 
ash and sulphur fumes have presented themselves and 
must be solved. 

Coal producers have in recent years developed a 
number of methods of processing their products and, 
to determine which is most desirable and economical 
for the user, they are soliciting and securing the co- 
operation of customers in conducting tests and other 
research work. It was to the discussion of fuel prob- 
lems of mutual interest that the joint meetings, last 
year and this, of the Coal Division of the American 
Institute of Mining and Metallurgical Engineers and 
the Fuels Division of the American Society of Mechan- 
ical Engineers were devoted. While these meetings 
were entered into with some misgivings, the harmony 
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with which they have been conducted bids fair to war- 
rant their continuation at least until definite standards 
of quality and methods of testing can be agreed upon. 
When producers and consumers cooperate benefits are 
distributed in every direction. 


Put Knowledge to Work 


EDITORS of technical magazines are, we admit, 
prejudiced in their opinions as to what they think is 
the most valuable reading for the men occupied in the 
work of their fields, never-the-less a few thoughts on 
the choice and use of printed material may help read- 
ers to build up their personal efficiency in their chosen 
profession. 

Too many of us read without an objective, merely 
as a diversion or entertainment, material that is neither 
informative, character building nor even interesting 
because of literary expression. Its only effect upon us 
is that it has served to kill time, many times we hurry 
through pages that do not have sufficient lure to take 
our minds off the every day living problems that are 
bothering us at the moment. Our minds contract habits 
like the sponge that receives water from above, delays 
its progress for a brief time and allows it to drip with- 
out performing any useful function. 

To be of value, reading should accomplish at least 
one of these purposes—impart needed information, in- 
spire to worth while action or give desirable recreation. 
It is to the first of these that the reader’s attention is 
directed at this time for it is through the informative 
type of reading that most of our usable knowledge is 
obtained. Once this knowledge is obtained it has little 
value to the individual unless it is used in his living 
activities. 

Sources of engineering information commonly avail- 
able to the engineer are the proceedings of profession 
societies, technical magazines and books on special sub- 
jects or of the textbook type. Today scientific informa- 
tion almost invariably originates in research labora- 
tories, application of these discoveries to the problems 
of industry is the work of engineers and from them 
comes information on the economics and efficiency of 
equipment employing scientific principles proven to 
be correct by the scientists. 

Putting acquired information to work is a mental 
task requiring every phase of engineering skill from 
the conception of an idea to the perfection of operation 
of the finished product, and one’s reading habits are 
the greatest aid to success in developing any new idea. 

As we looked over the contents of this issue, the 
thought came that here are presented innumerable 
mental tools to be used by those who have the skill to 
comprehend their import, for it is they who are in the 
front rank of the profession and it is they who read 
with a purpose—a desire for information that can be 
put into practical use. 
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ANY INNOVATIONS skillfully combined in* 


the 825 Ib., 825 deg. F'. extension to the Acme 

Plant of The Toledo Edison Co., Toledo, O., 

make it one of, if not the, most interesting 
: ‘‘top’’ yet undertaken. Designed with the 
advice of G. W. Saathoff, chief engineer of Electrical 
Advisers, Inc., the extension centers around a single 
pass boiler of semi-outdoor construction, which oper- 
ates either with a wet or dry bottom and incorporates 
control standards formulated by the operating depart- 
ment after two decades of experience. 

Construction of the Acme Plant was started in 
1916 to handle the rapidly increasing wartime load of 
the Toledo Railways & Light Co., predecessor of the 
present Toledo Edison Co. Additions and changes 
were made from time to time until by 1937 the turbine 
room held one 41,000 kv-a. frequency changer, four 
235 lb. ga., 600 deg. F. turbo-generators, totaling 
115,000 kw. (two 25 and two 60 cycle) with space for 
an additional machine. Twelve boilers fired by under- 
feed stokers and totaling 17,180 b.hp. supplied steam. 

These boilers are arranged in three rows of four 
each, running at right angles to the turbine room and 
separated from it by an auxiliary bay running the 
full width of the boiler room. 

The capacity of the old boiler plant, allowing 
normal outage for repairs, is 100,000 kw., or 15,000 
kw. less than the combined capacity of the four (4) 
low pressure turbines. This extra margin of capacity 
in the turbines is the primary reason for the installa- 
tion of the 6000-kw. topper which adds, therefore, 
about 21,000 kw. to the plant working capacity. Thus 
the topper installation is a transition move to higher 
pressure and temperature with no sacrifice to low pres- 
sure equipment and it forms the connecting link be- 
tween the old plant and future additions at the upper 
level of pressure and temperature. 

The turbine room being longer than the boiler 
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ACME 


Fig. |. Exterior view showing the semi-outdoor boiler 
construction in the L formed by the temporary boiler 
room wall on the left and the turbine room wall on 
the right. The turbine, boiler feed pumps and heaters 
are located in a extension to the auxiliary bay behind 
the glass brick windows A. The boiler operating floor 
is on the next higher level and the balcony B was 
built to allow access to the back of the boiler control 
panel. Air flow from the air heater, C, is divided 
between the two vertical ducts D 


room is wide, made the plant ell shaped and the new 
top plant, boiler, turbine and auxiliaries, were placed 
in the inner angle of the ell, as shown by Fig. 1. The 
new boiler is outside, with one side of the boiler 
casing, the back of the air heater and the top of the 
preheated air ducts exposed to, but insulated from, 
the weather. This insulation is 1% in. of 85 per cent 
magnesia held in place by fine mesh chicken wire and 
topped with 1% in. of weather proof finish. 

The back of the boiler, below the air heater, is 
closed by the duct leading to the induced draft fan 
and the exposed side of the boiler, below the boiler 
casing, is enclosed by a small leanto. Thus the space 
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Fig. 2. The new 6000-kw. top turbine exhausts at 235 Ib. to the low 

pressure plant header. Normally this steam goes to 35,000 kw. 

Unit No. 4 from which steam is extracted for the closed pressure 

heaters. If No. 4 is down, low pressure heater steam can be ex- 

tracted from 30,000 kw. Unit No. 3. The heat rate of the complete 
unit approximates 15,000 B.t.u. per kw-hr. at full load 


with the forced draft fan, primary air fans and pulver- 
izers below the boiler on the ground floor is closed on 
two sides, but open to the auxiliary bay and boiler 
aisle on the remaining two sides. The induced draft 
fan itself is incorporated in the base of the Thermix 
stack and the driving motor is protected. Eventually 
a second high speed motor will be added on the out- 
board platform already provided. The temporary 
breeching now in place leads to one of the existing 
stacks, but when a second boiler is installed at the 
left of this one, a new stack will be built to serve both 
boilers and the temporary breeching removed. Due 
to poor soil conditions, the foundation consists of 
caissons sunk 65 ft. to hard pan and capped by beams. 
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—A Different Top 


Partially outdoor construction, wet or dry bottom 
operation, low draft loss and auxiliary power, unique 
interlock and purge flow system are a few of the 
interesting features of the Acme Plant Extension of 
The Toledo Edison Co., where one 6000 kw. top 


turbine and one 300,000 Ib. per hr., 825 lb., 825 
deg. F. boiler have been in service since April. 


An extension to the auxiliary bay was built to 
house the new 6000-kw. top turbine, two new boiler 
feed pumps and two vertical extraction heaters. The 
turbo-generator, set parallel with the boiler drums, 
comes within a few feet of the boiler casing and ex- 
tends across the auxiliary bay with the exciter ex- 
tending into the turbine room between units Nos. 3 
and 4, as shown by Fig. 6. Boiler feed pumps are on 
the same floor at right angles to the turbine and 
extend almost to windows A of Fig. 1. 

The new turbine is not bled, but taking steam 
from the new boiler at 825 lb. ga., 825 deg. F., exhausts 
at constant back pressure of 235 lb. ga., normally to 
35,000 kw. Unit No. 4, which is bled at three points 
for feedwater heating, as shown by Fig. 2. If No. 4 is 
down, 30,000 kw. Unit No. 3 may be used in the same 
way. Condensate is pumped by the hotwell pumps 
through two low pressure heaters to the deaerating 
heater, as in normal low pressure operation. The 
deaerating heater, which is not new, is located in the 
old section of the auxiliary bay on the level above the 
new feed pumps and is supplied with steam from the 
auxiliary exhaust. 

Contrary to usual top practice, the high pressure 
boiler feed pumps take their suction direct from the 


Fig. 3. Front of the boiler and the control 
panel 


To insure positive coal feed, the three 
mills are fed by the four downcomers, 
split as shown by Fig. 4, so that each 
mill is fed from two sources. Automatic 
control is provided, but the regulators on 
the forced, induced and primary air 
dampers are grouped so that the operator 
can shift to remove manual operation 
from the three handwheels (at the left 
of the panel) without delay. Impending 
changes requiring the attention of the 
operator are detected by the interlock 
system which rings an alarm and illumi- 
nates the proper window on the board, 
warning the operator what to expect. 
On the boiler panel the instruments are, 
from right to left: top row, mill drafts, 
gas controller, steam pressure, master 
controller, boiler drafts; second row, mill 
temperatures, water level, boiler alarm 
system, flow meter, gas temperatures; 
bottom rows, ammeters and_ control 
switches for mills and fans. 


CHICAGO, NOVEMBER, 1938 





deaerating heater at 216 deg. F. and not from the low 
pressure boiler feed pump discharge. They then 
pump through a primary heater, supplied with 65 lb. 
steam bled from Units No. 3 or 4, and a secondary 
heater, supplied with steam at the cross-over pressure 
of 235 lb., so that the feed water enters the boiler at 
about 390 deg. F. 

As with most top plants, the boiler room is the most 
interesting, in this case doubly so because the boiler 
itself is not only new and different but the entire 
installation is replete with innovations and departures 
from conventional practice. As shown by the cross 
section at the left of Fig. 4, the boiler is a special 
3 drum B. & W. design with 21% in. O. D. tubes in the 
rear rows, 314 in. O. D. tubes in the front rows and 
7940 sq. ft. of counterflow convection superheater sur- 
face. The furnace, 23 ft. wide, is of irregular shape, 
completely water cooled with 314 in. O. D. Bailey stud 
tubes placed on 6 in. centers and backed with insulating 
blocks. The furnace, with a volume of approximately 
9950 cu. ft., is separated from the boiler proper by a 
screen and stud tube baffle as shown in detail by the 
photographs, Fig. 5. 

Eleven tubes emerge from each sidewall midway 
of the ash pit at about the level of the mud drum, 
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extend varying distances into the furnace and turn 
upward. At the level of the lower burners they alter- 
nate with the front row of boiler tubes and form a 
vertical solid stud tube wall up to the top of the 
furnace. 

The double burner arrangement with vertical fir- 
ing is unique and is the main feature around which 
the unit was built. Three burners on the upper level 
are for dry bottom operation with coal having a high 
fusing temperature ash. The two burners on the lower 
level are for wet bottom operation with lower ash 
fusion temperature coals. All five burners are of the 
B. & W. Intertube type and the two upper outside 
ones incorporate gas burners so as to handle coke 
oven gas which is available at times. All burners are 
provided with gas lighters and electric ignition. 

Floors and ashpit are designed especially for this 
dual operation. Both the front and rear floor are water 
cooled, covered with flat cast iron blocks and termi- 
nate in overhanging lips. For dry bottom operation 
ash is blown from the front of the furnace toward the 
ash pit by steam jets issuing from slots in the lower 
side of special nozzles in the floor as shown by Fig. 5. 
These nozzles, spaced on 18 in. centers, are in 5 rows, 
the first 1014 in. from the front wall header, the others 
at 3 ft. 9 in. intervals. 

When changing from dry to wet bottom operation, 
dry ash is allowed to build up until the nozzles are 
covered. The cooling effect of the floor is sufficient 
to maintain a layer of this high fusion ash in granular 
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form, but the temperature gradient is quite steep. The 
inereased furnace temperature from the lower level 
burners eventually causes slagging and the formation 
of a crust which acts as a secondary floor from which 
a low fusing temperature ash readily flows over the 
lip of the ash pit to the deintegrating jets. It has 
already been domonstrated that the furnace operates 
successfully with either a dry or wet bottom, and, 
that the change from dry bottom to wet bottom can 
be made readily. It remains to be seen whether an 
operating procedure can be developed for changing 
from wet to dry operation without shutting down 
the unit and cleaning the furnace floor. 

Beyond the furnace, the gases make a single pass 
through the boiler, flow vertically downward through 
a 37,600 sq. ft. tubular air heater, and make a U turn 
to the base of the Prat-Daniel Thermix stack. The 
induced draft fan in the base of the stack is arranged 
for two speed operation, and has a maximum rated 
capacity of 360,000 lb. per hr. of 450 deg. F. gas at 
4.25 in. w.g. Motors are protected from the weather 
by corrugated steel sheds as shown by Fig. 1. 

The forced draft fan, a Sturtevant Turbovane with 
vane control, also with two motors, has a maximum 
rated capacity of 68,000 ¢c.f.m. at 9.0 in. w.g. and 100 
deg. F. This fan is located almost directly under the 
air heater as shown by Fig. 4, which does not, how- 
ever, show the direction of air flow distinctly. The 
air heater is of the double C type and the fan dis- 
charge is split. Air enters the heater horizontally 






COAL 
BUNKER 





Cross section and front elevation of the 300,000 Ib. per hr., 825 Ib. ga., 825 deg. F., single pass boiler designed for either wet or 


dry bottom operation 


As shown at the right, raw coal downcomers A are split so 
that each mill has two sources of supply. The two outside 
mills supply either the upper or lower level burners, but the 
center mill supplies only a single burner on the upper level. 


- Lettering corresponds with the lettering on the boiler room 


photograph, Fig. 3, and the furnace interior photograph, Fig. 5, 
taken to show the furnace, screen and floor arrangement. Note 
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the dampers L, M, N, O and P for control of primary air flow 
and temperature. Dampers L and M are manually operated 
and normally control air temperature to all mills. Damper N 
is operated by a regular, either automatically or remotely. 
Beyond N the primary air duct splits into three branches and 
air temperature to individual mills can be controlled from the 
operating floor by dampers O and P during emergencies. 
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from both sides, turns upward and outward and leaves 
horizontally at the top from both sides. A bypass 
damper R on each side between the inlet and outlet 
boxes provides means for air temperature and forced 
draft fan duty control. 

Primary air arrangements, which have been unusu- 
ally well worked out, are more clearly shown in the 
drawing. The general idea was to regulate the air 
flow and temperature to all primary air fans in parallel 
by single dampers and then provide means for final 
adjustment to meet the individual needs of each mill. 





Primary air can be taken from two points on the 
air heater, in any desired proportion, under control 
of damper L. As an added precaution against high 
temperatures, damper M gives a direct bypass of 
cold air from the forced draft fan discharge to the 
primary fan section. Flow to all three mills is con- 
trolled by damper N and proper division of load is 
maintained by use of this single damper over the full 
range of operation. Beyond this damper the duct splits 
into three branches, with dampers O and P in the 
inlet of each primary air fan and movable from the 
boiler room operating floor for emergency use. All 
primary air piping is covered with 1 in. of insulation 
and 1% in. of hard finish cement. 

The three primary air fans are under the boiler 
with three B. & W. Type B mills directly in front. 
The three mills are supplied with raw coal from an 
overhead bunker by four downcomers, split as shown 
by the elevation in Fig. 4, so that each mill has two 
sources of supply. Windows in the downcomers at 
the operating level enable the operator to detect 
bridging or stoppages in any branch. Coal for the 
new boiler is brought into the plant by the belt con- 
veyor serving the old boilers on the other side of the 
aisle. It is then delivered to the new bunker by a 
short cross conveyor. Scales, installed between the 
bunker outlet and each of the four raw coal pipes 
to the mills, are used when testing. 

As explained earlier, the two outside mills can 
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supply burners on either the lower or upper level but 
the middle mill No. 2 has only a single burner on the 
upper level. Power for all fuel auxiliaries on mills 
No. 1 and 8 are taken from the generator leads of the 
new machine, but auxiliaries for No. 2 mill are sup- 
plied from the station bus, in order to start up, or, 
operate on limited capacity, when the top turbine is 
down. The fuel auxiliaries, like all auxiliaries in the 
new extension, are driven by 440 v. motors supplied 
through air break circuit breakers. 


Control is centered at the boiler panel shown by 


Fig. 5. Interior view of the furnace 


The left hand view taken from the middle of the 
furnace near the front wall shows the inspection doors 
on the rear floor and the screen tubes coming in from 
both sides. As illustrated by the middle photograph 
eleven tubes enter each side wall at A, turn upward 
at H and alternate with the first row of boiler tubes 
K to form the solid stud tube wall D which extends 
from the lower burner level to the front steam drum. 
The right hand view shows the furnace floor and the 
provision made to blow the dry ash into the ashpit 
with steam jets. The pipes project about 1 in. above 
the cast iron floor blocks and have slots on the lower 
side. Five rows of pipes 3 ft. 9 in. apart and spaced 
on 18 in. centers across the width of the furnace are 
provided. Lettering on the photographs corresponds 


with that on the cross-section Fig. 4. 





Fig. 3 and consists of a conventional Bailey air oper- 
ated control modified in detail to meet the needs of 
an extensive purge-flow interlock system! developed 
at the plant. Contrary to usual practice, the induced 
draft, forced draft and primary air damper regu- 
lators are grouped directly under the board and con- 
nected to the dampers by shafting. Any or all of the 
three regulators can be shifted from automatic to 
remote control by the operator from the three hand 
wheels at the left of the control panel (Fig. 3). 
The interlock system, based primarily upon the main- 
tenance of purge flow through the furnace is ex- 
tended to a complete signal system warning the 
operator of high air temperatures, dampers nearing 
the wide open position, and other conditions that 
might require his attention. 

Although the maximum capacity of the boiler is 
expected to reach 300,000 or 350,000 Ib. per hr. with 
the high speed forced and induced draft fan motors in 
service, operation so far has been limited to a maximum 
of about 250,000 Ib. per hr. At this output the draft 
loss from the entrance of the furnace to the air heater 
outlet is 214 in. w.g. At the same load the auxiliary 
power consumption is approximately 620 hp. divided as 
follows: Induced draft fan, 165; forced draft fan, 110; 
three primary air fans (total), 115; three mills (total), 
230 hp. 
~ 1An article describing the details of this interlock system 


and its relation to the combustion control system is being pre- 
pared by Paul Gravelle, Acme Station, The Toledo Edison Co. 
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Fig. 6. The new 6000 kw. top is located in an extension of the auxiliary 

bay of the station. The exciter extends through the old turbine room 

wall between units No. 3 and 4. New boiler feed pumps are located 

just to the left of the generator. The side of the new boiler is visible 
just beyond the turbine 


Because of the low draft loss and the arrangement 
of the induced draft fan and stack, the boiler can be 
operated up to 50,000 Ib. per hr. on natural draft 
without either the forced or induced draft fan. Using 
the induced draft fan alone without forced draft the 


output can be boosted to 60,000 Ib. per hr., or, reversing 
the operation and using the forced draft fan without 
induced draft, 110,000 lb. per hr. In operation the 
boiler is staple and the distribution of water uniform. 
During a trial of safety valves, two, with a total 
capacity of 275,000 lb. per hr., opened at once and the 
water level raised only about 10 in. Normally the regu- 
lator holds the level within 1 in. plus or minus. 

A full capacity bypass reducing valve and desuper- 
heater station were not installed inasmuch as the major 
repairs: on the boiler and turbine will be done at the 
same time. For starting purposes, however, a simple 
station with a capacity of 80,000 lb. per hr. has been 
provided with the pressure drop all taking place in a 
length of small pipe so as to eliminate reducing valves. 
Desuperheating is accomplished by five small -nozzles 
installed in a cross, which forms a right angle turn 
in the steam path, thus creating turbulence for mixing 
water and steam. The spray nozzles are supplied from 
the low pressure plant feed lines. 

Piping is plain carbon steel with annealed shop 
welds only. All joints have small tongue and groove 
welding neck flanges, with a stainless steel gasket of 
125 Brinnell hardness. Bolts, of A. S. T. M. A-96 steel, 
threaded 12 to the inch, were tightened by the elonga- 
tion method, using a special micrometer. 








The Toledo Ed ison Co. i Toledo, ©.. List of Equipment—Acme Plant Extension 


Steam Generating Unit—Babcock & Wil- 
cox Co. 3 drum Spl. No. 46 single pass 
type fired by pulverized coal with 5 
burners on two levels. Maximum capac- 
ity 350,000 lb. per hr., 825 lb. ga. 825 
deg. F. at superheater outlet. Boiler sur- 
face 18,250 sq. ft., water wall surface 
3708 sq. ft., superheater surface 7940 sq. 
ft. Air heater 37,600 sq. ft. double C 
type with 2% in. I.D. tubes. Furnace 
volume 9950 cu. ft. 

Forced Draft Fan—B. F. Sturtevant 
Co., one No. 130 Turbovane, with in- 
let vane control and driven by 75 and 
125 hp. G.E. motors. Low speed 720 
r.p.m., cap. 55,000 c.f.m. at 6.5 in. HeO 
and 100 deg. F. High speed 870 r.p.m., 
re ones c.f.m. at 9.0 in. HeO and 100 
eg. F. 


Induced Draft Fan and Stack—Prat- 
Daniel Corp. Thermix. Fan driven by 
G.E. 150 and 300 hp. motors. Low 
speed 870 r.p.m., cap. 300,000 lb. per hr. 
at 2.35 in. HeO, 450 deg. F. gas. High 
speed 1160 r.p.m., cap. 360,000 lb. per hr. 
at 4.25 in. H2O and 450 deg. F, 
Pulverizers— Babcock & Wilcox Co. 
Three size 150 Type B ball mills with a 
normal capacity of 6 t. per hr. each. 
Driven by 100 hp. induction motors. 
Primary Air Fans—B. F. Sturtevant 
Co. Three, each driven by 50 hp., G.E. 
motors. 

Coal Burners—Babcock & Wilcox Co., 
5 intertube type, 3 on upper and 2 on 
lower firing level. 

Gas Burners—Babcock & Wilcox Co., 
Two, one in each of outside upper coal 
burners. 

Burner Ignition System—General Elec- 
tric Co. 

Gas Shutoff Valves and Control—Rug- 
gles-Klingemann Mfg. Co. 

Boiler Feed Pumps—wWorthington Pump 
& Mach. Corp. Type UX2. Capacity 
615 g.p.m. each at 2495 ft. head, 3550 
r.p.m., taking suction from deaerating 
heater at 216 deg. F. One driven by 600 
hp. Terry turbine, one dual drive with 
500 hp. G.E. motor and Terry 600 hp., 
230 Ib., 600 deg. F. non-condensing tur- 
bine. 

Feedwater Regulator—Bailey Meter Co. 
Water Column—Diamond Power Spe- 
cialty Corp. 

Ash Hopper—Sluice and siftings han- 
dling system—Allen-Sherman-Hoff Co. 
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Coal Conveyor—Robins Conveying Belt 
Co. Cross conveyor and distributor from 
conveyor over old bunker. 
Piping—Midwest Piping & Supply Co. 
Only annealed shop welds used. Joints 
small tongue and groove with stainless 
steel gasket. 
Soot Blowers—Diamond Power Specialty 
Corp. 
Valves— 
eee. Coeectsintes, Ashcroft Han- 
cock Co., Inc. 
Feedline pep Checks—The Edward 
Valve & Mfg. Co. 
Large Cast Steel Checks—The Edward 
Valve & Mfg. Co. 
Blowoff—Yarnell-Waring Co. 
Main Steam Line—The Chapman Valve 
Mfg. Co. Nitroloy seats and discs. 
Feed Water Line—The Chapman Valve 
Mfg. Co. Stainless steel. 
Diaphram Operated Valves — The 
Swartwout Co., S-C. 


Combustion Control—Bailey Meter Co. 
carpal a and Instruments—Bailey 
eter 


Extraction Heaters—Griscom-Russell Co. 
Two LSU vertical type. High pressure 
heater —— to use 235 lb. steam 
and heat 600 g.p.m. from 280 to 370 
deg. F. Low pressure heater ang 
30-50 lb. ga. steam extracted from No. 
or 4 turbine and designed to heat 500 
g.p.m. water from 216 to 280 deg. F. 
Both heaters have % in. O.D. Admiralty 
metal tubes. 


Turbo-Generator—General Electric Co. 
One 6000 kw. 3600 r.p.m. turbine taking 
steam at 825 lb. ga., 825 deg. F., exhaust- 
ing at 235 lb. ga. and driving at 13,200 v. 
generator and 40 kw. direct connected 
exciter. 

Turbine Crane—Whiting Corp., 50 
Insulation—Johns-Manville, pipe eee 
and boiler exterior. 





Fig. 7. View of the dual drive boiler feed pump. The end of the top turbine is just visible 
at the extreme right 
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STEEL PLUS 


With the advent of high temperatures in 
power plants and industry and a multitude 
of industrial demands involving oxidation 
and corrosion resistance, light weight, 
welding and machineability, steel is no 
longer just steel. It is Steel Plus and it 
behooves the modern engineer to know 
what the plus is. For convenience and to 
increase the readability of the article, 
technical information has been summar- 
ized in the table. 


R. STARK VON ROGAR 


CIENTISTS made alloys of iron and chromium 

long before the present ‘‘age of steel’’ but the fact 
that the mixtures did not rust was regarded in a de- 
cidedly secondary light. In 1913 Brearley, an English- 
man, focused attention upon the non-corrosive proper- 
ties of such alloys by making a steel containing 13 per 
cent chromium and calling it ‘‘stainless steel.’’ Since, 
almost every known element has been added to Brear- 
ley’s original analysis in attempts to improve the physi- 
cal and chemical properties of a non-corrosive steel. 

Consequently the engineer is confronted today with 
dozens of commercially available stainless and heat-re- 
sisting steels, with a great many trade names for the 
same material. Obviously he cannot become sufficiently 
familiar with the subject of metallurgy to always spe- 
cify the steel best suited to his needs any more than the 
steel manufacturer can be an authority on the problems 
of every customer, hence the utmost cooperation be- 
tween the two is essential. 

There is nothing basically wrong with leaving the 
choice of the analysis to the vendor or consultant for 
both are anxious to see a good job done, nevertheless, 
the engineer should certainly be in a position to under- 
stand something about the materials to be used in his 
plant. To this end a general knowledge of the funda- 
mental stainless and heat-resisting steel compositions 
would be helpful. Such information would save the 
engineer considerable time in making preliminary de- 
signs for he would know which of his ideas were suited 
to the material the steel man would be likely to specify 
for a particular job. Further, if he has a good concep- 
tion of the data regarding operating conditions that 
are required before a material can be specified he can 
be of much assistance to the steel man, and time and 
money will be saved. Above all, he must realize there 
is no panacea regardless of the number of analyses on 
the market and each has a definite purpose. 
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The following has been written for the engineer who 
has never studied the subject and no attempt is made 
to discuss the metallurgical effect of the various alloys 
added to steel to produce stainless or heat-resisting 
properties. For those who wish to delve more deeply 
into the subject of metallurgy the works of Sauveur 
and Moneypenny are suggested. 


CorROsION RESISTANCE 
Whether one considers Brearley’s original 12 per 
cent chromium steel, or, a more complicated analysis, 
“it is stainless for the same reason. That reason is an 
invisible film of oxide on the surface of the metal, much 
the same as the oxide film that forms on aluminum 
and makes soldering difficult. As long as that film is 
preserved the steel is immune to corrosion; but let it 
be continuously broken down and the steel will suffer 
the same as a common plain carbon steel. Thus, simple 
chemistry shows that the present day stainless steels 
will not stand up under strong reducing agents such 
as hydrochloric acid, certain gases, weak sulphuric 
acid, ete., because those agents break down the pro- 
tective film and prevent it from reforming. Likewise 
certain types of abrasion may result in the continual 
destruction of the film. 

Chromium is the element that produces the pro- 
tective oxide on stainless steel and in varying amounts 
upwards of 11 per cent it forms the basis of all stain- 
less steels. At least this amount is required to pro- 
duce stainless properties. In general, corrosion resist- 
ance increases with chromium until about 30 per cent 
of the element is present. To be effective in this respect 
the chromium must be in solid solution with the pure 
iron constituent of the steel. Unfortunately chromium 
has a strong tendency to combine chemically with the 
carbon in the steel and the carbides so formed do not 
contribute to the stainless properties of the steel. In- 
stead this combination of chromium and carbon pre- 
vents certain plain chromium stainless steels from being 
hardened by heat treatment as no carbon remains to 
form the iron carbon compound which causes steel to 
harden. It may also rob the pure iron of enough car- 
bon to insure corrosion resistance. 

Nickel, in combination with chromium is also im- 
portant to certain stainless steels and in amounts above 
seven per cent adds to the corrosion resistance by cer- 
tain agents. The presence of such quantities also 
changes the steel metallurgically, producing chromium- 
nickel-iron-carbon alloys which cannot be hardened by 
heat treatment even though the carbon content is great 
enough to permit an analogous plain chromium steel 
to harden. These are known as austenitic steels. For 
some applications the nickel content may exceed the 
chromium content. Manganese has also been used to 
replace all or part of the nickel as it acts similarly 
metallurgically. In a newly developed analysis cop- 
per replaces the nickel. 

Among the other alloys often added to chromium 
and chromium-nickel steels are: molybdenum or cop- 
per in small amounts to increase corrosion resistance 
under certain conditions; selenium or sulphur to im- 
prove machineability ; and titanium, boron, vanadium, 
or columbium to prevent inter-granular corrosion (at- 
tack at the grain boundaries), to improve the weld- 
ability and eliminate hardening upon cooling quickly 
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Molybdenum or tungsten are often added to increase 
creep strength. Tungsten alone promotes high tempera- 
ture strength but does not produce oxidation resistance. 
Large amounts of silicon (plus other alloys), are used 
in steels for internal-combustion engine valves (small 
amounts of silicon and manganese are present in all 
steels being necessary to the manufacturing processes), 
and aluminum is also used in addition to chromium in 
some heat-resisting analyses. 


PHYSICAL PROPERTIES 


In addition to corrosion and heat-resistance many 
of the alloys possess excellent physical properties at 
room temperature. One analysis in particular (18 per 
cent chromium 8 per cent nickel) exhibits such a high 
strength-to-weight ratio that it is used extensively for 
the construction of light weight high speed trains, 
where corrosion resistance is a secondary consideration. 
In structures, where deflection of a member is the limit- 
ing factor, redesign of the usual members is often 
necessary to permit realizing on the high strength of 
the steel. When this is not possible weight reduction 
may still often be effected through reduced sections 
permissible because no allowance for loss of section by 
corrosion is necessary. 

Heat treatment affects these alloys in various ways. 
Some may be hardened by quenching from high tem- 
peratures and annealed by slow cooling while others 
are annealed by quenching and harden only by cold 
rolling, thus acting like brass. Others, which cannot 
be hardened by quenching, respond slightly to anneal- 
ing. This permits improving the physical properties of 
welds which would otherwise be too brittle. 

Obviously the way is not always clear, many of 
the alloys being subject to various peculiarities. Some 
become brittle within certain temperature ranges; 
others are tough enough at high temperatures but lose 
ductibility upon cooling to room temperature. This 
latter makes rough handling during clean periods, for 
example, impossible. Steels of a third type lose much 
of their corrosion resistance when tempered at certain 
temperatures and a fourth group may be subject to 
intergranular corrosion. 


GENERAL TYPES OF STAINLESS STEELS 


Closely following Brearley’s original 12 per cent 
chromium 0.30 per cent carbon steel came a host of 
plain chromium steels with alloy contents ranging from 
11 to about 30 per cent chromium and as many high 
chromium-high nickel steels of the now familiar 18-8 
type (18 per cent chormium, 8 per cent nickel). Many 
of these compositions are modified by the addition of 
other elements. 

It has long been evident that steel with much less 
than 11 per cent chromium is not always truly stain- 
less, however, the 4 to 8 per cent chromium steels may 
logically be mentioned here because of their increasing 
usage in the power plant for applications where heat 
resistance in a moderate degree is required. These 
steels, especially those with 4 to 6 per cent chromium 
were developed primarily for the oil refining industry 
where a steel with greater life than that of plain carbon 
steel was required ; but the increased cost of the more 
highly alloyed varieties was not warranted because of 
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early obsolescence of equipment. The 4 to 6 per cent 
chromium steels have been found to be as much as ten 
times more resistant to corrosive agents containing sul- 
phides than ordinary steel, the oxidation resistance at 
1000 deg. F. being about tripled. 

The accompanying tabulation presents representa- 
tive physical properties of some of the more common 
types of stainless steel. Space limitation necessitated 
broad ranges in composition and omission of many vari- 
ations in analysis and heat treatments; however, the 
values given are reasonable for steels at about the 
midpoint in the alloy ranges shown. The figures are 
for rolled material; castings differ in properties and 
usually in composition. (It is planned to cover cast- 
ings and their properties in a subsequent article.) The 
foot notes amplify the table in many respects and will 
help the reader visualize the effect of changes in heat 
treatment and composition. 

Those who wish to study the steels further would 
do well to communicate with the various steel manu- 
facturers who have compiled much data on the physical 
and corrosion resisting properties of stainless steel and 
who usually have this information in the form of pam- 
phlets for gratis distribution and often offer a con- 
sulting service to prospective users. 


Factors GovERNING SELECTION 


By this time the reader has probably realized that 
there are a number of factors governing the choice of 
the proper steel for a certain application. Generally, 
the following points must be carefully examined : 


Required allowable stress. 
Working temperature—constant or intermittent. 
Will shock loads occur—at working or other tem- 
yoratures. 
ill there be repeated reversals of strain,—i.e. pos- 
sibility of fatigue or corrosion fatigue. 
What is the creep limit. 
Provisions for thermal expansion. 
Abrasion by dust, etc. 
Method of fabrication. 
Corroding media and extent of resistance required. 

10. Required resistance to oxidation. 

When the material is to be used for a new class of 
service, a sample should be tested under actual working 
conditions if this is at all possible. The value of such 
a field test cannot be overestimated for although labora- 
tory tests are beneficial, the attempts made to simulate 
conditions encountered in practice are seldom if ever 
entirely successful. After the best (technically) steel 
for a particular installation has been decided upon, its 
cost must be balanced against the cost of maintenance 
or replacement when using cheaper steel. In many in- 


stances a compromise becomes necessary. 


POMP > pee 


Low Auuoy Streets, AtLoy Iron, anpD Non Ferrous 
ALLOYS 


In recent years many low alloy steels containing 
chromium, molybdenum, nickel, etc., have made a bid 
for fame as heat-resisting steels. Although they cannot 
compete with the high alloy steels they possess excel- 
lent high temperature physical properties and their 
low cost places them on an equal footing. These and 
the many S. A. E. steels will be described in a future 
article. 

High- and low-alloy cast irons and many non- 
ferrous alloys are equally as important from engineer- 
ing standpoints as the steels and these too must be 
left for a future discussion. 
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MODERN 


And now, still another member of General Electric's 
famous turbine team comes to bat in the Modern Turbine 
series. This time it is Allen Keller who like Mr. Newman and 
Mr. Lyons knows his turbines generally but in addition is 
something of a specialist in particular branches of the art. 
In this article Mr. Keller tells you something about efficiencies 


—that efficiencies or steam rates in themselves are not neces- 


sarily a measure of plant economy. As he points out a new 
turbine less efficient than an existing one might be capable 
of saving thousands of dollars in operating costs. 


TURBINES 





VERALL FUEL COSTS of power generation are 
not necessarily proportional to turbine efficiencies 
or steam rates. In fact, a new turbine less efficient than 
an existing turbine might be able to save many thou- 
sands of fuel cost dollars. Strange as it may seem to 
the uninitiated, turbine efficiencies or steam rates taken 
by themselves are no measure of power plant economy. 
The amount of fuel burned under the boilers for a 
given amount of power output from a turbine will de- 
pend primarily on the operating steam conditions and 
the relationship of the turbine to other power plant 
apparatus—to only a limited degree will the power 
plant economy depend upon the efficiency of the tur- 
bine. 

In this and a succeeding article, the concept of 
steam rate as a measure of turbine performance will be 
modified. Complicated looking ‘‘heat balance dia- 
grams’’ will be broken down into their basic elements. 
Their value and derivation will be explained. And most 
important of all, the vital relationship between fuel 
burned and power output will be set forth in a simple, 
easy-to-understand, manner. 

It is customary for users of steam driven prime 
movers to think in terms of steam flow or steam rate 
and output; and turbine manufacturers usually express 
their performance guarantees in this form. Both quan- 
tities involved in the steam rate, steam flow and output, 
are concepts which are easy to understand and require 
no ‘‘highbrow’’ reasoning for their proper interpre- 
tation. The steam rate is therefore admirably suited 
as a basis for gvarantees, and as a simple, direct state- 
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ALLEN KELLER 


Turbine Engineering Dept. 
General Electric Co., Lynn, Mass. 


ment of the performance of a steam engine or turbine 


- it is a necessary, even if inadequate, measure of per- 


formance. 

When considering the steam rate as a measure of 
turbine performance, the operating steam conditions 
must be considered at the same time and the turbine’s 
relationship to other power plant apparatus must be 
known. If this were not true and steam rate alone 
could be used as a criterion of performance, why would 
anyone purchase a noncondensing turbine having a 40 
or 50 pounds steam rate when a condensing turbine 
with a 10 or 12 pound steam rate might just as easily 
be installed? Were the exhaust steam from the noncon- 
densing turbine discarded as is the exhaust steam from 
most condensing turbines, it would be foolish to buy 
the noncondensing machine. But the steam exhausted 
from any turbine, condensing or non-condensing, con- 
tains a large proportion of the heat put into the steam 
at the boiler, and noncondensing turbines discharge this 
heat at a temperature high enough for use in many 
industrial processes. Condensing turbines, in most 
cases, discharge their exhaust heat at a temperature too 
low for use, with the result that power generated by 
them must be charged with all the heat in the steam 
entering the turbine throttle. But noncondensing tur- 
bines are charged only with the heat they actually use 
in generating power, the heat in the exhaust steam 
being charged to the industrial process. Because of this 
basic difference between noncondensing and condens- 
ing turbines, one discharging -heat that is usable, the 
other discharging heat which must be thrown away, 
noncondensing turbines usually generate power at a 
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fraction of the fuel cost of power from condensing tur- 
bines. 

Of course, it is not economical to exhaust more 
steam from a noncondensing turbine than is required 
to satisfy the low pressure steam demand. After the 
low pressure demand has been supplied with its re- 
quired steam flow, any additional flow taken by the 
turbine is chargeable entirely to the power generated. 
This extra steam required for power generation over 
that required for process work should be passed through 
a condensing turbine in order to keep the total steam 
flow at a minimum. This explains why many plants 
have both condensing and noncondensing or extraction 
turbines. Noncondensing turbines generate inexpensive 
power in a plant having use for the exhaust steam ; they 
generate expensive power in a plant which has no use 
for the exhaust steam. 

The foundation for all feedwater heating cycles is 
the basic fact that, regardless of steam rate, the cost of 
fuel for power generation is dependent upon the 
amount of heat removed from the turbine at a usable 
temperature and pressure level. In the case of feed 
water heating, as in the case of noncondensing turbines, 
usable heat is taken from the turbine by extracting 
steam after it has passed through part of the turbine 
stages and has generated some power. Extraction from 
the turbine actually increases the total throttle flow 
required to generate a given power output, but, para- 
doxically, less fuel is required to obtain this greater 
steam flow from the boiler. 

So much for a general review. Now we shall 
broaden our understanding of steam rate to include 
‘‘heat rate’’. Heat rate defined is: 

The heat rate of any power plant using fuel as a 
source of energy is the number of heat units which 
must be supplied for each unit of power produced. 

This definition is perfectly general, may be used 


with any system of units and for any type of power’ 


plant whether it be steam turbine, steam engine, gaso- 





line or Diesel engine, or any other prime mover obtain- 
ing its energy from the burning of fuel. In this article, 
however, the discussion will be limited to steam tur- 
bine power plants, and the heat rate will be expressed 
in terms of B.t.u. per kilowatt hour. 

When considering a complete power plant consist- 
ing of boiler, turbine, generator, auxiliaries, ete., the 
expression for plant heat rate is: 


Overall plant [eee ieiaied | x [ae value in “sid 





heat rate, in in lb. in B.t.u. per lb. 
B.t.u. per kw- 
hr. Net power generated, in kilowatt hours 


This equation will give the number of heat units 
purchased to produce a unit of power at the switch- 
board. It is truly an overall efficiency factor for the 
plant if all the heat produced by burning fuel is 
chargeable to the power generated, which will be the 
case for a power plant whose only output is electrical 
energy. 

As recently as 15 yr. ago the average condensing 
turbine power plant produced a net kilowatt hour of 
power for each two pounds of coal burned. (Assuming 
12,000 B.t.u. per pound of coal, this would mean an 
overall plant heat rate of 24,000 B.t.u. per kw-hr.). 
In the best of today’s condensing turbine steam plants 
a kilowatt hour of power is produced for less than a 
pound of coal. Such are the improvements in power 
plant equipment and operating conditions which have 
been made during the past decade or two. 

After a power plant has been built and operated, 
the overall plant heat rate may be determined quite 
readily by the formula given. On the other hand, the 
ealeulation of an expected heat rate for a plant before 
it is built is a more involved process and requires 
a knowledge of the performance characteristics of all 
of the important apparatus in the plant.: Even so, the 
overall plant heat rate may be estimated with small 


APPROXIMATE 
THEORETICAL HEAT RATE, IN M.B.T.U. 7 KW-HR 
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MAIN PRESSURE,IN HUNORED LB. / SQ. IN. ABS. 


Fig. 1, A & B. Approximate theoretical heat rate for condensing turbines 


NOTE: Absolute pressure in lb. per sq. in. = lb. per sq. in. gage + 15 lb. per sq. in. (at sea level). 
Absolute pressure, in inches hg. = 30.0 minus the vacuum in in. hg. (at sea level). 
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error quite quickly and without any laborious caleu- 
lations. 

The most important factor in the determination 
of the plant heat rate is the heat rate of the turbine 
itself. 

The turbine heat rate is the number of heat units 
which must be supplied by the boiler to the steam for 
each kilowatt hour of power produced. 

In this definition emphasis must be placed on the 
words to the steam. The turbine heat rate is based on 
the heat absorbed by the water and steam as it passes 
through the boiler, which is the boiler output, rather 
than the heating value of the fuel burned, which is the 
boiler input. Perhaps it would be clearer if, instead 
of saying ‘‘turbine heat rate,’’ we were to say 
**turbine-condenser-feed-water-heater heat rate,’’ as 
that is what is really meant. Steam enters the turbine 
throttle at a given pressure and temperature which 
fixes its heat content. Condensed steam is returned, 
as a liquid, to the boiler at some lower temperature 
and its corresponding heat content. The difference 
between the heat content of the throttle steam and 
the heat content of the returned boiler feed-water is 
the amount of heat which is chargeable to the turbine- 
condenser-feed-water-heater system and which would 
need be supplied by fuel to a 100 per cent efficient 
boiler. The actual fuel required will be in excess of 
this by an amount sufficient to offset the boiler losses. 
The plant heat rate takes into account the complete 
power plant with all its losses; the turbine heat rate 
considers only the  turbine-condenser-feed-water- 
heater group and neglects all other losses. Circulat- 
ing water pump power is considered as an auxiliary 
loss and is not charged to the turbine. 


For analytical purposes, it is convenient to ex- 


press the turbine heat rate in the form of an equation. 





Turbine 7 See yrrnacina Heat saimtaths | 
heat rate, Total steam the Saab of feed water 
in B.t.u. =] consumed in | x thratile in enter ing 
per kw- pounds. pin ’ per boiler, in 
hr. 3 | Lpouna: B.t.u. per Ib. | 
Net power generated, in Kilowatt hours 
g | [Heat content al 
Heat content 
Steam rate, ge He " of feed water 
=| in lbs. per | x throttle. in 7°? tering 
kw-hr. : i a ” per boiler, in 
4 | Lpouna. B.t.u. per Ib. | 














Of course, when this latter equation is used for tur- 
bines operating with extraction for feed water heat- 
ing, the steam rate must be based on the total throttle 
flow required when extracting. 

It will be noticed from these equations that the 
turbine heat rate may be evaluated directly from the 
steam table and the manufacturer’s performance 
guarantees; in fact, guarantees on large central sta- 
tion turbines are frequently made on a heat rate basis. 
The heat content per pound of steam at the throttle 
may be read from a steam table or steam chart at the 
throttle pressure and temperature. For turbines 
operating without feed water heating, the heat content 
per pound of feed water entering the boiler may be 
read from the steam table as the heat of saturated 
liquid at the turbine exhaust pressure. When turbine 
performance guarantees are based on operation with 
feed water heating extraction, the turbine manufac- 
turer’s quotation should state the condition of the 
feed water leaving the last heater, 

The approximate overall plant heat rate may be 
found by dividing the turbine heat rate by the boiler, 
furnace, and grate efficiency and increasing the result 
a few per cent to allow for the losses of the auxiliary 
power plant equipment. 


APPROXIMATE 
TURBINE GENERATED HEAT RATE,INM BTU. 7 KWHR, 
12 13 14 15 16 17 18 19 14 
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MAIN PRESSURE, IN HUNDRED LB. PER SQ. IN. ABS. 


Fig 2, A & B. 


Approximate full load heat rate for 2000 kw. condensing turbine-generator sets operated without extraction for feedwater 


heating 
NOTE: Absolute pressure in lb, per sq. in. = lb. per sq. in gage + 15 Ib. ced sq. in. (at sea level). 


Absolute pressure, in inches hg. = 30.0 minus the vacuum in in. hg. (at sea 
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When making preliminary investigations of alter- 
native steam conditions for new plants, it may be 
assumed that the overall plant heat rate will vary 
directly with the turbine heat rate; the plant heat rate 
being, roughly, 25 per cent higher than the turbine 
heat rate. This constant difference is true because the 
boiler efficiency will remain substantially constant 
over a wide range of conditions. 

Before considering turbine actual heat rates, let us 
first examine a curve showing theoretical heat rates. 
Just as theoretical steam rates are valuable to turbine 
designers and operators as indicating the amount of 
steam which would be required by a perfect turbine, 
so are theoretical heat rates valuable as an indication 
of the amount of heat which would be supplied by the 
fuel in a plant with no losses. Figures 1-A and 1-B 
show the approximate theoretical heat rate for con- 
donsing turbines operating at common steam condi- 
tions. Figure 1-A may be used when the throttle tem- 
perature condition is expressed as superheat, and 
Figure 1-B when it is expressed as total steam tem- 
perature. 

Either of these theoretical heat rate charts may be 
read by entering at the bottom with the absolute 
throttle pressure, rising vertically to the proper super- 
heat or total temperature, proceeding horizontally to 
the back pressure, then rising vertically to the theo. 
retical heat rate scale. The absolute pressure should 
be taken as the gage pressure plus 15-lb. per sq. in. 
(at sea level). 

As an example, Figure 1-A shows that a turbine 
operating at 600 lb./sq. in. G. (615 1b./sq. in. abs.) — 
200 deg. F'. superheat at the throttle and 2 in. Hg. abs. 
exhaust pressure, will have a theoretical heat rate of 
9390 B.t.u. per kw-hr. This means that were it pos- 
sible to have a 100 per cent efficient boiler, a 100 per 
cent efficient turbine and generator, and no auxiliary 
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losses, it would be necessary to burn fuel to the extent 
of 9390 B.t.u. in order to generate 1 kw.-hr. of power. 
Actually, of course, it will be necessary to burn con- 
siderably more fuel than this to offset the unavoid- 
able losses. 

The theoretical heat rate is a useful thing to know 
for analytical purposes, but after all it is the actual 
heat rate in which the power plant engineer is inter- 
ested. These may be found quickly from figures 2-A, 
2-B, and 3. Figures 2-A and 2-B give the approxi- 
mate full load heat rates for turbine-generator sets 
rated 2000 kw. when operating without extraction for 
feed water heating. Figure 3 gives the correction 
for other ratings and for loads less than rated out- 
put. These curves were derived by working up the 
actual heat rate as the theoretical heat rate divided 
by the turbine efficiency. 

As an example of the use of the turbine heat rate 
eharts suppose we find the straight: condensing heat 
rate of a 4000 kw. turbine generator set designed for 
600 lb. G.—700 deg. F. at the throttle, and 2 in. 
Hg. abs. back pressure, when carrying 3000 kw. load. 
... Since the total temperature at the throttle is given, 
Figure 2-B should be used for reading the basic heat 
rate. At 615 lb. abs—700 deg. F.—2 in. Hg. abs., we 
read a basic heat rate of 14,200 B.t.u. per kw.-hr. From 
Figure 3, for a 4000 kw. rating operating at 75 per 
cent of its rated output (3000 kw.), we read a multi- 
plying factor of 0.969. The approximate heat rate of 
our turbine is, therefore, 14,200 « 0.969 — 13,700 B.t.u. 
per kw.-hr. And this result is within a few per cent, 
plus or minus, of what would be calculated from a 
manufacturer’s quotation on a modern turbine. 

If the cost and heating value of fuel are known, it 
is now a simple matter to carry the calculation to its 
logical conclusion and calculate the fuel cost of a kilo- 

Continued on page 711. 
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HOT AIR PAYS 


Preheated combustion air, when properly 
applied, can increase efficiencies and 
capacities, reduce maintenance and, in 
some cases lower construction costs. 


By G. Campbell Kohlar 


HE AIR preheater is at once the baby and the 

step-child of the power plant. Most of the text 
books are still discussing the question of whether an 
economizer is a sound piece of plant equipment or not, 
and many of the latest books, while recognizing that 
there is such an animal as an air preheater, have little 
or nothing to say on the subject. The modern trend 
toward higher boiler pressures, greater capacities and 
increased efficiencies, not to mention the ever mounting 
cost of fuel, makes the recovery of every available 
B.t.u. in the stack gases imperative. The larger utilities 
and industrial plants, ever on the alert for any im- 
provement, and with competent engineering staffs to 
keep abreast of all new developments, have long recog- 
nized the value of the air preheater. But there are 
still a great many smaller plants not equipped with air 
heaters which could use this method of heat recovery 
to very definite advantage. 

Consider a 300-hp. boiler operating at 150 per cent 
of rating and 125 lb. pressure. Such a unit is typical 
of those which are not equipped with sufficient heat 
traps, either because the management believes the addi- 
tional investment unwarranted, or because it is not 
sufficiently well informed as to the value of an air 
preheater. This boiler will have an exit gas tempera- 
ture of about 525 deg. F., and assuming 70 per cent 
efficiency, will consume about 1800 lb. of 12,500 B.t.u. 
coal per hour. If the flue gas temperature is cut only 
150 deg. to 375 deg. F., it will effect an increase of 
about 3.8 per cent in efficiency, or a saving of 100 lb. 
of coal per hr. With an annual load factor of 25 
per cent this would mean a saving of 


100 
0.25 « 8760 x —— X $3.50 = $383.25 yearly. 
2000 


Making due allowance for the cost of increased fan 
power and maintenance, a saving of this amount would 
enable the air heater to pay for itself in a reasonable 
time, and show a handsome profit over the remainder 
of its life. Larger units will show even better results. 
For example, a 1000-hp. boiler operating at 250 per 
cent of rating and 400 lb. pressure, will show an annual 
saving of over $4000 with a 300 deg. drop in exit gas 
temperature and a 33 per cent load factor. 


ComBusTION CONDITIONS IMPROVED 


So far it has been assumed that an air heater does 
nothing except reclaim some of the heat in the flue 
gas and return it to the furnace. But experience shows 
that it will do more than this. Preheated air vastly 
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improves ‘combustion conditions in the furnace, and 
makes possible reduced carbon losses and lower excess 
air. Particularly is this true of boilers having scanty 
or inadequate furnace volumes; so that in small or 
poorly designed power plants improvements of this 
type very often outweigh even the improvement occa- 
sioned by the reduction of the flue gas temperature, by 
making possible capacity increases of from 10 to 15 
per cent. Quite often the purchase of a new boiler 
may be eliminated or indefinitely postponed by the 
addition of an air preheater. 

The prime factors which must be considered in the 
efficient combustion of fuels in a furnace are time, 
temperature and turbulence. Preheated air unques- 
tionably accelerates the ignition of any fuel, thus re- 
ducing the time element. Because of its own sensible 
heat, and the rapid, uniform and more complete com- 
bustion which it produces within the furnace, the tem- 
perature is increased. The increased temperature in 
addition to the greater molecular activity of preheated 
air over cold air causes more turbulence, and conse- 
quently a more thorough mixing of the gases of com- 
bustion, than would otherwise be the case. The more 
complete oxidation of the hydro-carbons in the fuel 
and the reduction of fly ash and soot in the stack gases 
eliminate, or at least considerably reduce, smoke. This 
is a factor of great importance in maintaining satis- 
factory public relations in many localities. 


CHEAPER F'vELS MapE USABLE 


Preheated air can be used to advantage with almost 
any type of fuel. Often plants which previously had 
been forced to use expensive coals, have obtained ex- 
cellent results with the cheaper fuels, such as anthra- 
cite screenings, coke breeze, culm and petroleum coke, 
after having shifted to preheated air. Stoker manufac- 
turers are building stokers that are able to utilize 
effectively higher air temperature than ever before. 
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Fig. |. Temperature drop of flue gases over last passes of boiler 
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In pulverized coal installations, preheated air is 
virtually a necessity. It is used for both primary air 
and for secondary air. Primary air is introduced 
through the burners with the coal with the triple pur- 
pose of increasing fluidity of the coal, evaporating the 
surface moisture of the coal and reducing the time 
required for ignition. The secondary air enters the 
furnace through ports adjacent to the burners or 
through the casing surrounding the burner. The pur- 
pose of the secondary air is to support the combustion 
of the fuel, and to promote the turbulence of the 
combustion gases in the furnace. Secondary air may 
be heated to high temperatures, the design of the burner 
usually being the limiting factor in this case. The 
temperature of the primary air, however, is definitely 
limited. If the air in the fuel pipe becomes too hot an 
undesirable advance coking of the coal takes place, and 
not infrequently the fuel will ignite in the pipe before 
it reaches the burner. To overcome this difficulty, cold 
‘‘tempering’’ air is mixed with the hot air from the 
heater before it enters the pulverizer. Some air heater 
manufacturers even make the claim that preheated air 
is conducive to better pulverizer performance. This 
is highly problematical, but it is quite certain that 
preheated air of reasonable temperature will do nothing 
to impair pulverizer operation. 

Fuel oil and natural gas burn better with preheated 
air. The effect of preheat in the case of these fuels 
is much the same as in the case of coal. It tends to 
shorten the flame, increase the rapidity of combustion, 
raise the flame temperature and promote more effec- 
tive radiant heat absorption by the boiler. It must 
be remembered that in the sections of the country 
where these fuels are widely used they are relatively 
cheap, and a thorough study of plant conditions should 
be made in order to determine whether an air heater 
is economically advisable. Furnace temperatures and 
liberations are usually much higher with oil and gas 
than they are in the case of coal, and some thought 
must therefore be given to the possibility of increased 
refractory maintenance. 


PREHEATED AIR WITH By-PRoDUCT FUELS 


Blast furnace gas is an almost valueless by-product 
of the smelting of iron ore. It has an extremely low 
calorific value and is greatly diluted by inert gases. 
Therefore it is necessary to raise large quantities of 
gas to the ignition point of the combustible materials. 
Combustion proceeds very slowly, heat release rates are 
low and inordinately large furnace volumes are re- 
quired in order to get anything that will approximate 
decent boiler evaporations. At first glance, viewing 
the air preheater merely as a fuel saving device, any- 
one suggesting the addition of an air preheater to a 
unit burning this fuel might be suspected of something 
more than a slight tendency toward insanity. Actual 
installations, though, have proven that burning blast 
furnace gas with preheated air actually does speed up 
combustion and make higher heat release rates possible. 
This results in much smaller furnace requirements, 
which in turn permit smaller buildings with attendant 
reductions in initial investment cost. This makes it 
economically possible to use an otherwise almost 
worthless fuel. 
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Waste products from agricultural and lumbering 


industries are quite often used as fuel. These are 
always of an inferior grade, having low calorific 
values, and high moisture content, volatile matter and 
ash. Typical of this class of fuels are wet wood, saw- 
dust and hogged fuel from saw mills and paper mills, 
and bagasse, which is the refuse from crushed sugar 
eane. The supply of these materials is often limited, 
and in order to obtain enough steam for process pur- 
poses, they are usually burned in conjunction with 
some other fuel, such as oil or coal. As in the case of 
blast furnace gas, the major problem is not to reduce 
fuel costs, but to obtain the required steaming capacity 
from the boilers with the quantity of waste products 
available. 

The burning of wood presents a problem different 
from the burning of other fuels. Best results are ob- 
tained when a double furnace of some type is used. 
The initial distillation of the gases and ignition of the 
fuel take place in one section of the furnace which is 
screened or shielded in some manner from the heat 
absorbing surfaces, and the combustion of these gases 
is completed in the second and much larger section of 
the furnace. Care must be taken in the introduction 
of the necessary air into the furnace so as not to blow 
the fuel from the grates and leave large bare areas. 
Preheated air will sometimes increase the capacity of 
a given unit to such a point that the required steam 
ean be produced without the aid of an auxillary or 
standby fuel. 

Bagasse is burned in essentially the same manner 
as wood, although the furnace design may differ some- 
what. Other fuels, such as tars and pitch from the 
manufacture of illuminating gas, refinery gas from the 
cracking and distillation of erude oil, liquors resulting 
from the ‘‘cooking’’ of wood pulp, peat and lignite 
are fuels which have been successfully burned with 
the aid of preheated air. 


PREHEATED AIR TEMPERATURE 


The question of to what degree combustion air 
should be preheated, like most questions that arise in 
power plants, can be answered best by the stock reply, 
‘‘that depends’’. The conditions existing in individual 
plants or proposed plant locations will determine the 
answer. Temperatures of from 500 to 600 deg. are not. 
unusual, although they are by no means common. The 
higher temperatures are usually found in high pres- 
sure, high capacity pulverized coal units, where the 
large furnace volumes and effective water-cooling make 
it possible properly to utilize such degrees of preheat. 
Wood burning furnaces also can advantageously use 
highly preheated air, but generally high temperatures 
of preheat are not economically available in this type 
of furnace. 

As a general rule, however, it is seldom advisable 
to preheat air above 350 to 400 deg. In smaller and 
older plants, preheating the air to 200 deg. may quite 
often be sufficient to warrant the installation of an air 
heater. The type of fuel used and its cost, the initial 
investment in equipment, the possibility of smaller 
boilers and furnaces, are all items that. must be taken 
into consideration in the determination of the desirable 
air temperature. Too-high furnace temperatures will 
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Fig. 2. Air preheaters: A—Plate type. B—Tubular type. C—Regenerative type 


cause refractories to spall and disintegrate. Air that 
is too hot will cause trouble in stoker frames and cast- 
ings. This all means increased maintenance costs. 


StoKers DESIGNED FOR PREHEATED AIR 


Realizing that preheated air has come to stay, and 
that pulverized fuel systems have tremendous advan- 
tages over the older types of stokers in utilizing it, the 


stoker manufacturers have worked and improved their 


designs to the point where temperatures as high as 
600 deg. have been used on both underfeed and travel- 
ing grate stokers. Refractory manufacturers have also 
come forward with superior refractories which will 
stand up under the severe conditions imposed upon 
them by modern combustion methods. But superior 
products of any kind are always costly, and again. the 
question of economic balance arises. 

In attempting to achieve high degrees of preheat 
the end temperature of the gas leaving the heater 
must be given careful attention. The greater the gas 
temperature drop, the greater will be the increase in 
the efficiency and the temperature of the air. But all 
fuels give off corrosive gases to a greater or less de- 
gree. If the gas temperature at the exit is allowed to 
become too low, these gases will condense and dissolve 
in the moisture that forms from the water vapor in 
the stack gas. Acids will collect upon the heating ele- 
ments, and the elements will have to be replaced in a 
short time. The dew point of these corrosive gases is 
difficult to predict, and the only safe procedure is to 
watch closely the gas exit side of the heating elements 
for signs of acid attack. The minimum safe tempera- 
ture will depend upon the chemical composition of the 
fuel, and generally it should not be permitted to drop 
below 250 deg. Even this temperature may be cutting 
things rather closely. Corrosion may be avoided by 
partially or completely by-passing the air preheater at 
low loads, or by constructing the heating elements of 
acid resisting metals. 


Types oF AiR PREHEATERS 


There are three types of air preheaters commercially 
available, the regenerative, the plate and the tubular. 
These diff-rent types are described in detail in the 
January, 1938, issue of Power PLant ENGINEERING. 


698 


Each type has certain definite advantages peculiar to 
itself, and we may well take a leaf from the automobile 
industry and say, ‘‘Before you buy, look at all three’’. 

In planning a new plant or in remodelling an old 
one, careful consideration should be given not only to 
the relative sizes of the various units but also to their 
proper correlation. In spite of what has been said 
previously about the ability of an air heater to increase 
capacities, one has yet to be built that will generate 
steam. This is the function of the boiler. 

The boiler by all means should be large enough to 
generate the required steam, but it is inadvisable to 
try to attain high efficiencies with a boiler alone. Fig- 
ure 1 shows the temperature drop of the flue gas over 
the last two passes of a typical bent tube boiler. Curve 
B is that of a boiler which is the same as that of 
Curve A, except that boiler B has about 25 per cent 
more heating surface, all of which is in the last two 


passes. That is, the two boilers are identical up to the - 


entrance to the second pass. The dotted curve shows 
the temperature drop through an air preheater, the 
heating surface of which is just equal to the difference 
between the surface of B and A. 

Boiler B has an exit gas temperature which is 20 
deg. lower than that of A, but A in combination with 
the air heater has an exit gas temperature that is 70 
deg. lower than B. Besides, the combination will supply 
to the furnace air at a temperature of about 180 deg. 
If then, boiler A is large enough to generate the re- 
quired amount of steam, it would be wiser to increase 
the efficiency by adding the preheater rather than by 
providing additional boiler heating surface, especially 
as the cost of this additional surface is about three 
times as much as that of the air preheater. The air 
heater may also be made to take the place of the 
rear wall of the boiler setting, thus creating an addi- 
tional saving. It is equally true that no attempt 
should be made to tack a preheater onto A with the 
hope that the boiler might thus be forced to do the 
same work as the larger boiler, B. 


Ar HEATER oR ECONOMIZER 


A heat trap of some kind is valuable, indeed neces- 
sary, to most plants if power costs are to be kept down 
and competition met. Shall it be an economizer or an 
air preheater? In the large utility and industrial 
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plants where stage bleeding of the turbines is employed 
to heat the feedwater, economizers, in the ordinary 
sense of the word, are useless. The feed is heated to 
such a degree that the temperature differential between 
the feed and the exit gas is so small that it makes any 
worth while heat exchange between these two media an 
impossibility. So-called economizers are used in these 
plants, but they are really integral parts of the gener- 
ating unit itself, rather than heat reclaiming devices 
used in conjunction with a boiler. 

In plants where bleeding can not be economically 
employed, the choice between an economizer and an air 
preheater is often difficult to make. The economizer is 
undoubtedly the more effective of the two on the basis 
of heat absorbed per square foot of surface, the transfer 
rate of the economizer being three, four or even five 
times as large as that of the air heater. The absorbing 
power of the economizer, however, is limited by the 
difference between the saturation temperature of the 
boiler water and the temperature of the feedwater, 
and the cost on a square foot basis is about five times 
that of an air heater. An economizer is usually con- 
structed with return bends or headers of some kind, 
is more accurately machined and has many joints 
which are a source of trouble. It is consequently more 
bothersome and expensive to maintain. Thus an air 
heater will cost about half as much as an economizer 
for a given amount of heat absorption. 

It may well be in certain instances, that the amount 
of preheat obtainable exceeds the amount which can 
be effectively utilized. In that event, it may be advise- 
able to use an economizer and an air heater in series. 
Combinations of this type will produce high efficiencies, 
especially at high ratings, but the draft losses through 
such a system may amount to from six to eight inches 
of water. Drafts of this magnitude require powerful 
fans, and particularly in those plants which purchase 
their electricity, the cost of fan operation may be pro- 
hibitive. 

In burning low grade fuels, blast furnace gas for 
example, the weight of flue gas leaving the boiler is 
considerably greater than the weight of air necessary 
to support combustion. Obviously only a part of the 
waste gases can be used to preheat the incoming air. 
Here an economizer might be used in parallel with an 
air heater. In such a case careful design is necessary 
to proportion and distribute the heating surface in such 
manner that the resistance to the flow of gases that 
is offered by each unit will divide the gas between the 
units so as to obtain the optimum results. 

In the foregoing, the virtues of preheated air have 
been extolled ; the facts that preheated air can increase 
efficiencies and capacities, reduce maintenance and, in 
some cases, lower construction costs have been pointed 
out. But it must not be supposed that the air pre- 
heater is the panacea for all power plant problems. 
While an air heater might alleviate to some extent the 
ill effects of a poorly designed plant, it can never cor- 
rect them. As yet, no one has succeeded in finding 
an acceptable substitute for good, sound engineering. 
An air preheater may be the answer to your problem 
as it has been to many others; but it should be remem- 
bered that one does not always have to go to a cireus 
to find a white elephant or a boomerang. 
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Seal With Condensate 


By J. B. COTTER 


Supt. of Power Stations 
Central Illinois Public Service Co. 
Grand Tower, Ill. 
UTOMATICALLY sealing free atmosphere ex- 
haust valves and ring type expansion joints be- 
tween the turbine and condenser can be done satis- 
factorily by using condensate direct from the con- 
denser hot well as shown in the sketch. 

Condensate is admitted to the free atmosphere 
exhaust valve for sealing and then overflows into the 
turbine expansion joint seal basin. The seal water 
level in the expansion joint basin is maintained by 
the loop seal which directs the overflow back into the 
main condenser. Leakage past the expansion joint 
also drops back into the main condenser. 

It should be noted that by using this method of 
sealing, the turbine water rate or condensate meter 
reading is not affected as the Venturi meter is in- 
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Diagram of connections for sealing with condensate 


stalled in the condensate line beyond the cycle of the 
sealing condensate water. Using condensate for seal- 
ing also provides water of a favorable temperature. 
Another marked advantage is that the possibility of 
contaminating the condensate by any expansion joint 
leakage when using treated water for sealing is elimi- 
nated. 

The emergency overflow line from turbine expan- 
sion joint seal basin, as shown in sketch, would be 
used only in unforeseen emergencies to prevent over- 
flow on the floor or equipment. This line may be 
piped to discharge to any desired location. 

In the particular installation, for which this article 
is written, it should be noted that the length of the 
loop seal is 35 ft. to prevent breaking the seal at a 
high vacuum or with any rise in seal water tempera- 
ture. This method of sealing was installed on two 
25,000 kw. turbo-generator units several months ago 
and has proven satisfactory in every way. 
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Installation tests and ‘operating results of 
the new high pressure boiler fired by one 
of the first water-cooled stokers. This was 
part of a 5 yr. modernization program, of 
the municipal utilities at Austin, Minn., which 
cost $405,000 and saves annually $160,000. 


Austin's High Pressure Boiler 


By CARROLL L. ELLIOTT, 


Superintendent 


Board of W. E. G. & P. Comm. 
Austin, Minn., and 


JOSEPH V. EDESKUTY,* 


Helmick, Edeskuty & Lutz 
Minneapolis, Minn. 


OMPLETE STUDIES outlining the need for addi- 
tional steam generating capacity were presented 
in a report dated Oct. 7, 1935. This report, a por- 
tion of which is reproduced below, was based on an 
analysis of past and projected energy production, 
electric peak, steam production and peaks over a 
period dating back to 1905. An indication of the 
load growth is given in the caption of Fig. 2. This is 
a reproduction of the projected load covering a 20-yr. 
period from 1935 to 1955. 
‘““The expected steam peak requirements are in 





CaLAY oraoy 


Fig. 5. Cross section of the new 80,000 Ib. per hr., 400 Ib., 750 

deg. F. boiler fired by a water cooled underfeed stoker and by 

natural gas. Forced and induced draft fans and an air heater are 
located above the boiler 
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excess of one of your two present boilers and both 
boilers would have to be used to satisfy these peaks. 
A forced shut down of one boiler would at such times 
result in the curtailment of the electric and steam 
heating service and this establishes the need for 
additional steam-generating equipment. 

‘‘On the basis of the results of our calculations, 
we recommend the installation of a steam generator 
capable of delivering 80,000 lb. of steam per hr. 

‘‘While you will probably continue to operate 
with your present steam conditions (namely 285 lb. ga. 
pressure) for some time, the new unit should be 
designed so that you may ultimately take advantage 
of the higher pressure and temperature for which the 
new 3500 kw. turbo-generator will give the best oper- 
ating results. 

‘‘Both pulverized coal and stoker fired units, with 
and without heat recovery equipment, have been in- 
vestigated and we have given consideration not only 
to installation costs, but also to operating costs and 
have determined these costs over a useful life of 20 yr. 
for each case. 

‘‘The conclusion reached is that the lowest overall 
operating cost can be obtained with the stoker fired 
unit of the most efficient type. 

‘‘The proposed new unit will supply the required 
capacity and will effect material fuel savings due to 
its better overall efficiency. 

‘‘The furnace should be so designed as to permit 
the use of natural gas fuel. 

‘‘Tf natural gas is to be used for at least part time, 
the necessary burners and oil standby equipment 
should be included. If the use of natural gas is not 
contemplated at this time, provision for future in- 
stallation of burners should be made.’’ 

Average hourly, daily, monthly and annual heat 
balances were calculated and extended into the future. 





*Engineering work for this modernization program was 
handled by Ralph D. Thomas & Associates, Minneapolis, Minn., 
with whom Joseph V. Edeskuty, the project engineer, was 
formerly connected. An outline of the program as a whole with 
costs was given in the article “Austin Cuts Costs” on page 491 
of the August issue. Turbine room changes, tests and power 
costs were covered in the article “Turbine Room Changes at 
Austin” on page 588 of the September issue. 
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Fig. 6. The firing aisle with the new boiler and control panel in the 
background. The "man lift" or service elevator in the far corner 
facilitates the movement of operators from one level to the next 


Average annual quantities for the year 1934-1935 are 
given in the caption of Fig. 4. Complete plans and 
specifications were then prepared and a contract 
entered into with the A. R. Robertson Co. of St. Paul. 
Minn., for the installation of the following equipment: 

A Combustion Engineering V type bent tube boiler 
with welded drums and a boiler heating surface of 
9580 sq. ft., a normal capacity of 50,000 lb. and a 
maximum capacity of 80,000 lb. of steam per hr. This 
boiler was designed for a maximum pressure of 425 
Ib. ga. and has 3690 sq. ft. of Elesco convection super- 
heater surface, designed-to give 283 deg. of superheat. 
The boiler has an internal steam washer, Crosby 
safety valves and pressure gages, Cochrane blow-off 
valves, Edward feed and check valves, Diamond floor 
level water column indicators and Diamond soot 
blowers with seven elements on the boiler proper 
and one element on the air heater. The air heater is 
an 11,350 sq. ft. Ljungstrom Regenerative unit, set 
above the boiler on the forced and induced draft fans 
platform. 

The setting is Detrick sectionally supported, in- 
sulated and steel cased. The furnace walls are partly 
bare and partly armored with Combustion Engineer- 
ing cast iron blocks with a total surface of 1112 sq. ft. 
In addition there is an effective heating surface of 
448 sq. ft. from the stoker cooling tubes and 28 sq. ft. 
on the internal risers from the stoker tubes, giving a 
total heat absorbing area in the boiler and water 
walls of 11,168 sq. ft. 
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Firing equipment is designed for coal, gas or 
oil. Coal is burned on one of the first of the Ameri- 
ean Engineering Co. Taylor water-cooled stokers. 
This stoker has a grate area of 236 sq. ft., 8 retorts, 
and is operated by a Hele-Shaw drive with a steam 
turbine auxiliary drive. The stoker hopper is 
equipped with a coal agitator. 

For burning gas and ‘oil, there are installed on 
the back wall of the furnace, as shown by Fig. 2, 
three Peabody combination gas and oil burners with 
the necessary piping and valves. The burners are 
mounted on hinged doors and, when not in use, 
refractory plugs are inserted into the circular burner 
openings. 

Fans 


Both the forced and induced draft fans were sup- 
plied by the Buffalo Forge Co., the first with a capac- 
ity of 23,000 c.f.m. against 8 in. w.g., is driven by a 
60 hp. General Electric turbine. The second, with a 
capacity of 43,000 c.f.m. against 4.5 w.g., is driven 
by a 80 hp. General Electric turbine. All air ducts 
for coal and gas firing are insulated and the breech- 
ing and dampers are arranged so that the boiler may 
be operated with or without the air heater and with 
or without the induced draft fan.. A bypass is ar- 
ranged around the air heater to give control of tem- 
perature and avoid condensation and corrosion in the 
breeching. 

A complete system of Hagan automatic combustion 
control is provided with the necessary operating in- 
struments control equipment and pressure gages 
mounted on one operating panel. This panel includes 
a Hays CO, recorder, Cochrane flow meter and flue 
gas and air temperature recorders. 

The coal handling system was remodeled. The 
old apron feeder and elevator within the building 
were removed and new Fairfield Engineering Co. 
feeders and an elevator were installed outside of the 
boiler room building. The existing Beaumont weigh 
larry was adapted to serve the higher stoker hopper 
of the new unit and an Allen-Sherman-Hoff sluice 
system, which includes a vacuum cleaning system, was 
added for handling the ash from the stoker clinker. 

At the time when the new unit was under consid- 
eration, natural gas was available at a cost which 
promised economic operation. It was, however, ex- 


Table IV. Summary of boiler tests, giving the expected performance 
and the test results. Test | was made burning coal; Test No. 2 
was made burning gas 








TEST NO. 1 - COAL 


Test 
Results 


28,939 Act. 
85.13 


TEST NO. 2 = GAS 


Expected Test 
Performance Results 


32,319 Act. 
83.24 


Expected 
Performance 


Capacity, lb. per hr. 


28,876 Eq. 33,760 Eq. 
Efficiency, per cent 84.98 82.5 





Steam pres., 1d.ga. = 281 
Steam temp., deg. aaa 644 645 744 
Feedwater temp., -F. 210 205 210 210 
COg, per cent eeasee "outlet 14.5 12.1 9.5 9.42 
Flue gas “— << ag 

outlet, deg. 489 463 482 473 
Flue gas temp a 

outlet, deg. F. 479 260 228 227 
Air temp. into 

ater, deg. F. 80 98.5 80 98.3 

Air temp. to stoker 444 33407 
Air temp. to gas 

varsere - 438 418.35 
Draft loss, boiler and : 

superheater, in. W.g- 0.18 0.09 0.18 0.08 
Draft loss, air ag a 

and ducts, in. w.g- 0.60 0.71 0.53 0.90 
Total draft loss, in. Weg 0.78 0.80 0.71 0.98 
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pected that with the continuing increase of domestic 
consumption, the time would come when gas would 
be available at low costs for certain months only and 
that coal would have to be burned for the remainder 
of the year. The new unit was to be designed to sup- 
ply the entire demand, and with the varying load and 
small requirement over a considerable portion of the 
operating day, the analysis indicated that the stoker 
rather than pulverized fuel would give the lowest 
operating costs. The design of a unit for successfully 
and efficiently burning natural gas and oil and a wide 
range of coals on a stoker, separately or in combina- 
tion, necessarily involved numerous problems. 

That all these problems, together with the difficul- 
ties of building the unit into a confined space, were 
successfully solved is a source of great satisfaction 
to all parties concerned. The fact that natural gas 
was to be burned alone influenced the selection of the 
stoker equipment. A new departure in the art of 
stoker design, namely the water-cooled underfeed 
stoker, was then for the first time available and was 
taken advantage of. 

Natural gas burners were designed to burn also 
fuel oil and were installed with the necessary gas 
reducing metering station and with fuel oil storage 
tanks, pumps, ete. The ability to burn oil was deemed 
necessary in order to prevent interruption of service 
in the event of failures of the supply when burning 
natural gas. In this case oil, being the most expensive 
fuel, will be used only until a sufficient coal fuel bed 
can be built up. 

Water walls and cooling tubes include some un- 
usual features. The tuyere cooling tubes extend over 
the length of the stoker, rise on the inside of the 
front wall and are connected to a header on the out- 
side of the setting above the stoker hopper. From 
this header the front water wall tubes reenter the 
furnace and are folded in an ingenious manner, to 
provide expansion for the rather inflexible stoker 
cooling tubes. The side water walls are inclined and 
armored with caston blocks. The rear water wall 
extends over the entire width of the furnace and is 
partly armored. Some of the tubes of this wall are 
curved and others are deflected to provide three open- 
ings for the gas burners. 

Major problems connected with the construction of 
the unit were: 

a. The foundation. The left front boiler column is 
located directly over the footing slab of a building and 
coal bunker column. As this footing was already loaded 
to capacity, the boiler foundations had to be canti- 
levered over this area in order to avoid a possible set- 
tlement of the bunker column. 

b. Insufficient head room in the basement. This 
made the excavation of a portion of it necessary with 
underpinning of present boiler, building columns, walls, 
ete. 

ce. Fan platforms. Forced and induced draft fans 
and the air heater are located on a concrete platform, 
which is carried on the boiler supporting steel. To ac- 
commodate this equipment and the complicated duct 
work, the roof was raised approximately 10 ft. 

d. Ash handling. The new ash handling sluicing 
system delivers the cinders on the river bank. To make 
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this possible an underground pump chamber, which 
also houses the oil transfer pumps, was constructed. 
From this chamber, a reinforced concrete tunnel, 6 ft. 
wide and 7 ft. high was projected, passing under the 
present tracks of the Chicago and Great Western Rail- 
way to a subway entrance. This tunnel is used for the 
ash conveyor pipe and all other water, steam, and oil 
piping. The cinders are delivered in a large box. They 
are of small size, thoroughly washed and the plant has 
no difficulty in disposing of them to consumers, as fast 
as they are produced. The oil storage tanks are located 
on the river bank. 


PROBLEMS OF OPERATION 


After the new unit was placed in operation, some 
of the retort cooling tubes developed burns and leaks. 
This was due to a lack of circulation and was remedied 
by a complete redesign of a part of the stoker-cooling 
system. The horizontal portion of the risers was given 
a slight inclination, and the number of risers was in- 
creased. Whereas the risers formerly entered the fur- 
nace near the top, they are now collected in a small 
header on each side of the setting and from this header 
they enter the furnace just above the inclined water 
wall and in this manner create the necessary head on 
the retort tubes for proper circulation. Thermocouples 
were buried in the retort tubes at critical locations and 
test readings on these under various operating condi- 
tions indicated that no further trouble was to be ex- 
pected from this source. The next difficulty occurred 
in the fuel distribution when burning certain grades of 
coal. The shape of the pushers was changed and their 
number increased before this difficulty was overcome. 

Another problem was the excessive superheat when 
burning natural gas. After exhaustive tests by record- 
ing furnace temperatures, CO, readings in furnace, 
superheater space, etc., and by measuring the air sup- 
ply to the burners, a baffle was installed on the second 
row of boiler tubes in order to shield the superheater 
from the direct action of the gas flame. This has 
brought the steam temperatures within permissible 
limits. 

All fuels can now be burnt successfully. Gas alone 
ean be used by burning out the coal fuel bed, after stop- 
ping the stoker, to provide a protective bed of ashes and 
by filling the stoker hopper with some incombustible 
material. It is, however, expected that, when natural 
gas is available at an advantageous figure, a small 
amount of coal will be supplied to the stoker in order 
to prevent fires in the bunker and in the stoker hopper. 


GUARANTEES AND TEst RESULTS 


As with the turbine, these tests were made to give 
the actual operating results, a summary of the two 
final acceptance tests are given in Table IV. The coal 
used for Test 1 was generally of poor quality. It con- 
tained large quantities of fines with heavy foreign mate- 
rial. The latter fact was substantiated by the appear- 
ance of the fuel bed and the refuse. Occasional feed- 
ing of coarser coal would produce burned out areas in 
the fuel bed and it was difficult to maintain uniform 
CO, readings, which varied’ from 9 to 14.5 per cent 
with an average of 12.1 per cent in a 24 hr. test. 
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In Test 2 the coal fuel bed was completely burned 
out and coal was used as the main fuel. Only sufficient 
coal was delivered to the furnace to prevent fire in the 
stoker hopper. The stoker was given one revolution per 
hour, was fed 115 lb. or a total of 690 lb. for the 6 hr. 
test. All air to the plenum chamber and to the clinker 
grinder was shut off. 


CoMPARATIVE F'vEL Costs 


In the first test Franklin County 11% in. raw screen- 
ings running 11,800 B.t.u. per Ib. were used. The con- 
tract price for this coal is $1.63 and the freight $3.00, 
making the total cost delivered $4.63 per ton. To this 
is added, in cents per pound: unloading labor, 0.0660; 
depreciation of coal and ash handling equipment, 
0.0533 ; power for coal handling, 0.0045 ; power for ash 
handling, 0.0150; stoker maintenance, 0.0112. This 
gives a total cost per ton of $4.78. Boiler heat absorp- 
tion per 1000 lb. of steam from and at 212 deg. is 
970,200 B.t.u., representing, with an overall boiler effi- 
ciency of 84 per cent, a heat liberation of 1,155,000 
B.t.u. Added to this for sootblowing is 180 lb. of 
steam per t. of coal. This represents 239,400 B.t.u., 
or 14,250 B.t.u. per 1000 lb. F. & A. With 84 per cent 
boiler efficiency, the total heat liberation would then 
be 1,169,250 B.t.u. per 1000 Ib. This requires 99.09 lb. 
of coal at a cost of 23.69 cents per 1000 Ib. of steam 
from and at 212 deg., or 28.44 cents per 1000 lb. of 
steam actual evaporation. 

When burning natural gas with a boiler efficiency 
of 83 per cent, the necessary liberation per 1000 lb. of 
steam from and at is 1,168,915 B.t.u., representing 
1,168.915 cu. ft. of 1000 B.t.u. gas. At a gas cost of 
18 cents per 1000 cu. ft., the fuel cost is 21.04 cents per 
1000 lb. from and at, or 26.32 cents per 1000 Ib. of act- 
ual operation. 

Later a Southern Illinois washed carbon, running 
12,172 B.t.u. per lb. was burned. This coal cost $1.50 
at the mine and carried a freight charge of $3.15 giv- 
ing a total delivered cost of $4.65. Less an allowance 
of 10 per cent for moisture and plus plant costs of 0.15 
ets. per t. gives a total cost in the hopper of $4.34. Coal 
required per 1000 lb. from and at was 94.889 lb., giving 
a coal cost of 20.59 cents per 1000 lb. from and at or 
24.72 cents per 1000 lb. actual evaporation. These fig- 
ures do not represent test results but actual perform- 
ance including all operating losses, sootblowing, ete., 
over a period of two weeks. Other coals such as North- 
ern Illinois and Southern Indiana will be tried in the 
near future. Results so far indicate that certain coals 
can at present prices successfully compete with natural 
gas. 


IT HAS BECOME standard practice with some concerns 
to mark on their blueprints the magnitude and direction 
of maximum nominal stress to which the casting is sub- 
jected in service. These stress analyses are of value in 
that they make possible the choice of a foundry practice 
which will produce the optimum properties in those 
sections subjected to maximum stress in service. 
Static breakdown tests can be made on castings 
through the section or sections involved, thus check- 
ing the effectiveness of the foundry methods used.— 
W. G. Harvey before the S.A.E. 
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Fuels and 
Engine Outputs 


OR SOME YEARS, internal combustion engine 

fuel research has been carried on by the Coopera- 
tive Fuel Research Committee (C.F.R.) and at the 
June 1938 meeting of the S.A.E., H. K. Cummings 
reported on the correlation of knock ratings by differ- 
ent methods with full scale service tests for a num- 
ber of aviation fuels. Some fuels were found to be 
correctly evaluated by the motor method, with others 
the A.S.T.M. method is satisfactory, while with still 
others it may under or over rate several octane num- 
bers. Modifications of the A.S.T.M. method is under 
way to give results more in accordance with the data~ 
presented in the report. 
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The work is concerned primarily with aviation 
fuels and is of no particular interest for general in- 
dustrial service conditions. One phase, however, dealt 
with the effect of the fuel octane number on engine 
output and is shown graphically by the chart. C.F.R. 
fuels S-1 and M-1 were the reference fuels used in 
the tests. The octane scale has not been defined be- 
yond 100, but tetraethyl lead in C.F.R. reference fuel 
S-1 is used as a tentative standard for evaluating the 
knock characteristics for fuels of 100 or over which 
are now of considerable interest in the aviation field. 
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Details of an inspection and repair sched- 
ule to insure a thorough inspection and sug- 
gestions for maintenance standardization. 
This is an abstract of an A.S.M.E. paper, 
part of which, with detailed maintenance 
report forms, appeared in the October 
issue under the same title. 


Diesel Engine 
Maintenance 


By E. R. SPICER 


Assistant Chief Engineer 
Texas Pipe Line Co. 


Tulsa, Okla. 


ITH A WELL TRAINED competent personnel 

and adequate records it is possible to perfect, 
systematize, and standardize maintenance activities. 
Where there are large numbers of engines to be main- 
tained in widely separated plants the matter of sys- 
tematization becomes paramount. It is necessary to 
outline certain policies and practices as a guide to those 
field men who are in charge of actual work. 

Intelligently directed uniform procedure in this 
regard tends to eliminate many of the bad practices so 
often encountered. That is to say without the use of 
specific instructions, each individual follows his own 
judgment. One man may, for instance, in the light of 
his limited experience, feel that a certain type of engine 
should operate for a period of 20,000 hr. without a 
thorough inspection, while the real economical operat- 
ing period may be only half that figure. It is only 
through the study of a great number of authentic 
records that one is able to formulate and issue work- 
able instructions. With this in mind it is well to repeat 
that in so far as possible detailed instructions should 
be issued to unify general maintenance activities and 
policies. 

The following are a few of the general practices 
that can and should be made standard for a given type 
of equipment: Hours of operation between general 
inspection; when crank shaft alinment should be 
checked; period of operation between valve grinding 
and reconditioning; when to indicate and check over 
entire combustion; information relative to operating 
speeds, injection pressures, starting procedures, etc. 
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In some organizations instructions relative to the 
above and other general topics are issued in booklet 
form to all concerned. 

Many of the more specific details can be outlined 
and placed in the hands of field men. For instance, a 
systematic inspection schedule has been found to be 
very effective. 

Table III is offered as an example of what can be 
done along this line. This outline is one used by an 
organization having Diesel engines scattered over a 
large territory. It will be noted that this outline is 
sufficiently general to be applicable to the majority 
of heavy duty low speed engines when intelligently 
applied. On the other hand it is specific enough to 
insure a thorough inspection. 

It is quite conceivable that without some such out- 
line many parts would not receive proper attention. 
As stated above the judgment of machinists and other 
men vary too widely to expect uniform inspection with- 
out some sort of a guide. 

There are many routine procedures that can be 
standardized. We might mention as another example 
the detailed instructions on the tightening of connect- 
ing rod bolts. This particular task is one by which the 
skeptic may prove for himself the importance and 
value of standardized instruction. A variation of 100 
per cent in initial stress has been found when identical 
bolts were tightened by two competent mechanics. 

In addition to specific instructions regarding gen- 
eral policies and routine procedure many forms of 
mechanical repairs can be standardized. The necessity 
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of unifying repair methods is obvious when the inter- 
changeability of parts is considered. For example, 
oceasionally it becomes necessary to true up engine 
piston pins. If each pin is considered separately it is 
evident that the sizes become so numerous that the 
stocking of piston pin bearings becomes hopelessly 
involved. On the contrary, however, if and when piston 
pins for a given make of engine.are rehabilitated the 
diameter is reduced to one of two or three prede- 
termined under sizes, then the matter of stocking of 
pin bearings becomes relatively simple. In every pro- 
gressive maintenance organization there should, there- 
fore, be a catalogue of approved sizes to guide those in 
charge of rehabilitating machine parts. 

Figure 1, with a brief discussion of the problems 
involved, will serve to further clarify this point. Two 
of the parts on an air injection Diesel most subjected 
to wear are the spray valve needle and seat. In this 
particular instance the seats are kept in condition by 
reaming and grinding the seating surfaces as condi- 
tions require. The continued wear on both seat and 
valve needle has the accumulated effect of shortening 


the needle. The general construction of the fuel valve 
and operating mechanism is such that this shortening 
has a detrimental effect on fuel injection. 

With the company, whose maintenance work has 
been the subject of our study, necessary corrections 
were first accomplished by each field man making 
repairs as he deemed advisable. The inevitable result 
was, of course, a vast number of methods. Obviously 
the interchangeability factor was nil. Even in the 
same plant the method of repair was so varied that 
the repairs to fuel valves became a problem of endless 
confusion. The task of standardization was then re- 
ferred to a maintenance engineer. 

After a study of records, material, and existing 
procedure, he offered the standard repair as indicated 
in detail by Fig. 1. The adherence to the dimensions 
and other instructions on this sheet will insure the 
proper spray valve needle lengths without the distor- 
tion of any other adjustment. A small stock of the 
three lengthus of tips in each plant enables the ma- 
chinists to keep this particular part of the engine in 
constant repair. 


Table Ill. Outline for machinists to follow in the overhaul of any single unit 


This outline is to be considered as one of inspection pro- 
cedure. There is no attempt to outline repair procedure. 
Occasionally suggestions of adjustment methods are made to 
insure complete and accurate inspection data. It is sufficiently 
general to be adapted to most any type of heavy duty Diesel 
engines. Thus, items will appear on this schedule that are not 
a part of certain engines. For instance, headings indicating 
compressor repair will not be considered when working on solid 
injection engines. It then becomes necessary for the machinist 
to apply the outline to each particular unit. The sequence of 
procedure need not follow that indicated in this outline. Cir- 
cumstances and conditions makes it necessary for the machinist 
to arrange the order of work for each inspection job. ‘ 

When dismantling machinery, arrange removed parts in an 
orderly manner at convenient points. Be sure that all parts are 


set on boards or timbers to prevent scarring floor paint. Give 
careful attention to the thorough cleaning of the various parts. 
A solution of Oakite or other approved cleaning solution such 
as gasoline, kerosine, or lye water may be used. As a safety 
measure, grease or vinegar may be used to protect skin from 
the lye or othe caustic solution. Never use dirty or greasy 
tools; they contribute to accidents of all kinds. 


The machinist should be very careful to record all observa- 
tions, measurements, and complete details of abnormal condi- 
tions, such as cracked bearings, unusual wear, etc., and place 
this information on the maintenance report in clear-cut, concise 
language. It is very important that the machinist refer to and 
study previous maintenance reports, and records before start- 
ing an overhaul. 








I. GENERAL 
1. Inspection of engine before overhaul, while running or 
shut down as conditions require. 
A. Indicate—When possible or advisable indicate and 
' gtudy compression and firing pressures, noting any 
other irregularities that may appear on the diagrams. 
. Check pressures on water, lube oil, and the three stages 
of air compressor. 
. Inspect all pressure relief valves. 
Check valve timing and lifts. 
Observe governor action. 
Check fuel pump for leaks in: plungers, packing, etc. 
Attempt to locate abnormal noises. 
. Note any condition not in keeping with good practice. 
1I. REMOVAL AND INSPECTION OF PARTS 
1. Remove all rocker arms and valve mechanism. 
A. Examine for flat spots and wear on rollers, pins, bush- 
ings, etc. 
B. Note wear on tappets. 
C. Check fulcrum pins and bushings for wear. 


2. Remove valves from head and recondition. 

A. Clean and grind until all pits have disappeared. In 
case valves or seats are warped or badly pitted, it 
may be necessary to send to machine shop for refacing. 

B. Inspect valve springs for length and tension. 

C. Fuel valve should be carefully inspected to determine 
wear and general condition. 

D. Inspect all moving parts including valve stems, valve 
stem bushings, guides, lock washers, etc. 

Remove main cylinder heads after determining head 

clearance with lead or copper pipe. 

A. Where convenient, remove exhaust and intake headers; 
if not convenient, then block in place. 

B. Clean head. If necessary, use an approved scale re- 
mover. As a safety measure, a solution of two pounds 
of baking soda to ten gallons of water may be used to 
prevent acid burns. 

C. Remove all clean-out plates and plugs to facilitate 
cleaning. 

D. Examine carefully for defects such as cracks, leakage 
and bad seats. 

‘. Replace clean-out plugs and plates. 

4. Wash engine jackets and exhaust header. 

A. If scale is present use approved scale remover. 
5. oo crank case doors and casings over cam shaft 
rives. 
Wash out crank case with kerosine, hot water, or steam. 
A. Break connections on end of engine to facilitate clean- 
ing. Be sure to replae as soon as cleaning is com- 
pleted. 

7. Block connecting rod bearings. 

A. Measure bolt length before relieving strain on nut. 
B. Relieve strain on nut and remeasure bolt length. 
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C. Tighten set screws for holding connecting rod bolts in 
place and remove nuts. 

D. Compare measurements made in “A” above with pre- 
vious measurement when bolts were installed. Com- 
pare measurement in “B” with original bolt length. 

8. Pull pistons. 

A. Remove rings and note carefully general conditions 
and indication of blowby. 

B. Clean and inspect pistons inside and out for cracks, 
scores or other defects. 

C. Remove piston pins, measure and note dimensions in 
planes perpendicular and parallel to piston pin. A 
cradle arrangement may be used in this work to pre- 
vent knocking the piston out of round. 

. Thoroughly clean oil hole in connecting rod and insert 
cork until installed. 

. Install piston pins in pistons. 

. Measure piston skirt. 

1. Use wood block and sledge to adjust piston skirt 
dimensions to where it is approximately 0.00015 per 
in. of diam. smaller parallel to the pin than per- 
pendicular to same. 

H. Where oil cooled pistons are used, break out oil cool- 
ing header as much as possible and clean. 

9. Remove connecting rod bearings from crank case. 

A. Inspect carefully for cracks, loose babbitt or other 
defects. 

B. Inspect connecting rod bolts very carefully. Note 
bearing surface under head and evidence of damage. 

C. Suspend connecting rod bolts from string (non- 
metallic) and sound for cracks. 

10. — with micrometers the distance between crank 
webs. 

A. Take measurements on all cranks in the four quarter 
positions, 

11. Remove main bearing caps (Outboard bearing is con- 
sidered as main bearing). 

A. Inspect for cracks, loose babbitt, and evidence of 
heavy bearing areas. 

B. Inspect journals for light and dark spots. 

12. Take bridge gauge readings on all main bearings. 

A. If bridge gauge is not at hand, spot frame directly 
— journal and measure distance between spot and 
shaft. 

B. Press shaft into shell with either clamp or jack and 
take second bridge gauge reading. 

C. In case deflection in item 10 is more than .002” in any 
one position, remeasure the distance between crank 
webs at the point in question while shaft is clamped 
in bearing. 

D. Examine crank shaft for cracks. (Paint with alcohol 
and chalk.) 

E. Bridge gauge reading of main bearing before and after 
pressing down should never vary more than 0.002 in. 
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Fig. |. Method of spray valve needle repair 


With approved shafting level determine position of all 

main journals. 

A. Determine pitch to foot and direction of slope. 

Roll main bearing shells out of socket, inspect for defects, 

and evidence of relative pressures. 

A. Compare thickness if necessary. 

From numbers 11 to 14 above determine the cause of 

crankshaft misalignment, if any. 

A. A crude sketch of crankshaft showing journal levels 
and web distances will aid materially in locating the 
cause of misalignment. 

B. Leave crankshaft with not more than 0.002 in. differ- 
ence in measurements between crank webs in any two 
diametrically opposite positions. 

Replace main bearing caps and lower shells giving proper 

clearance after all oil passages have been thoroughly 

cleaned. 

A. Clean all oil passages and piping with air, steam or 
any other approved method at hand. - 

B. Take leads on bearings with original shims. From this 
information determine amount of shims to be removed 
to insure proper clearance. 

C. The rule generally followed for main bearing clear- 
ance is to allow 0.0005 in. clearance per in. of diam. 
and to this amount add 0.002 in.; thus a 10 in. shaft will 
require 0.007 in. clearance. 

D. Use precaution to insure the pulling down of cap 
evenly and squarely with the main frame. 

E. Check crank shaft end thrust and as far as possible, 
adjust to manufacturer’s recommendations. 

— vertical shaft and shaft drive, or other cam shaft 

rives. 

A. Remove all housing necessary. 

B. Inspect and adjust bearing clearances and thrust. 

C. Note gear clearance and wear. 

D. Inspect timing chain and pinion for tension, wear and 
other defects. 

Examine cam shaft. 

A. Adjust bearing clearance and thrust. 

B. See that all cams are tight and in proper position. 

C. Examine cams for excessive wear. 

Check fuel pump and fuel piping. 

A. Check all moving parts such as pins, bushings, cross- 
heads, links, straps, eccentris, etc., for exessive wear 
defects and adjustments. 

B. Check and repair all pump, check, and try valves, re- 
moving valve bodies when necessary. 

C. Reset governing valves to manufacturer’s recom- 
mendations. 

D. Be sure that all valves have the required spring ten- 
tion and lift. 

Wg oe of governors. 

A. Dismantle the governor and completely overhaul same. 
B. Note all joints and bearing races as well as all other 
moving parts for breakage, wear, and lost motion. 

C. See that all nuts, keys, etc., are in place and tight. 

D. Make sure that all parts work freely and show no 
signs of stress. 

Replace housings on cam shaft driving mechanism. 

Examine lubricating oil pump. 

A. Dismantle lubricating oil pump. Observe general con- 

ditions and compare with requirements for satisfac- 

tory operation. 

Note bearing and shaft condition. 

. Inspect and renew packing. 

. Note condition and repair driving mechanism. 

. Completely dismantle, clean, and repair relief or by- 

pass valve. 

Measure liner diameter with inside micrometers. 

A. Take measurement both parallel and perpendicular to 
crank pin. 
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B. Measurements in (A) to be taken near center of liner 
above oil hole, about one inch from top of ring travel, 
using standard locating iron for determining exact 
position. 

C. If abnormal conditions appear, take other measure- 
ments. 

D. Operate force feed lubricator by hand and thoroughly 
check all lube lines from lubricator to cylinder. Give 
— attention to the lubricator plugs in cylinder 

nes, 

Replace connecting rod bearings. 

A. Properly place leads and original shims so that clear- 
ance can be determined later. 

B. Again carefully inspect connecting rod bolts and re- 
place, securing same in position with set screws pro- 
vided for this purpose. 

C. Replace required compression shims. 

Prepare piston and install. : 

A. Fit rings in liner and determine end gap, which should 
be 0.005 in. per in. of diameter of the ring. 

B. — width and condition of ring grooves in 
piston. 

C. Install rings making sure of proper side clearance. 

D. Thoroughly oil liner, piston, and spacer rings; insert 
assembly. 

Adjust connecting rod bearing. : 

A. With piston and connecting rod assemble in place, 
tighten bearing bolts to insure pinching of Iead wire 
to actual bearing clearance. 

B. Remove lead wire to determine original clearance and 
adjust shim thickness to give required clearance. 

C. Tighten bolts in accordance with standardization sheet 
for the particular engine. 

D. Operate hand lubricating oil pump and check to see 
that oil runs freely through all bearings. Check oil 
piping for leaks. 

Replace cylinder heads. 

A. See that all contact parts are clean and gaskets 
annealed. 

B. Tighten all head bolts gradually and with equal ten- 


sion. 
C. Check head clearance. 


Replace valves in head. 

A. Make sure that copper gaskets are annealed and 
cleaned. 

B. Clean seats and all contacting surfaces. Make sure 
that all seats are free from all foreign substances. 

Cc. Tighten valve bolts evenly, moderately tight, allow 
for expansion. Use a wrench without a cheater for 
this work. 

Replace rocker arms. 

A. Give all valves recommended roller clearance. 


Remove all compressor valves. 

A. Clean and grind. 

B. Check valve lifts where necessary. 

C. Carefully examine all parts for excessive lube oil. 


Measure head clearance on all stages. 
A. Use lead for this purpose. 


Remove head and pull compressor piston. 

A. Clean and observe carbon deposit. 

B. Inspect rings for wear and defects, replacing those 
no longer serviceable, 

. Examine and adjust piston pin bearing. 

. Thoroughly examine compressor liners, taking meas- 

urements with micrometer whenever advisable. 

. Replace compressor piston. 

Examine and adjust connecting rod bearing making 

proper allowance for head clearance. 

. Inspect all air piping, and air bottles and, when neces- 
sary, clean with steam, air, or any other means at 
hand to insure thorough cleaning. Inspect intercoolers 
and clean as required using suitable solutions for 
boiling out deposits. Sharp tools must not be used 
for this purpose. 

Replace compressor head and valves. 


Set timing on all valves. 

A. With a bevel protractor or tram, check opening and 
closing of inlet and exhaust valves on at least one 
cylinder. 

B. Use air and bevel protractor or tram to set opening 
and closing of fuel valves. 

C. Thoroughly inspect crank case for rags, blocks, and 
other loose objects, jointly with station engineer on 
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uty. 
D. Replace crankcase doors. 
Check all foundation and frame bolts. 
Examine flywheel bolts and see that nuts are tight. 


Prepare engine for starting in cooperation with the engi- 

neer on duty. 

A. Operate mechanical lubricator by hand to insure oil 
supply to pistons. 

B. Bar engine over several complete revolutions and spot. 
. Check air pressure in starting and injection bottles. 
D. See that wrenches and all other material are out of 

the way of moving parts on the entire unit. 

E. Take other necessary steps common to starting the 
engine. 

Start Engine. 

A. Operating engineer should start unit. The machinists 
should not touch gate valves, switches or other appa- 
ratus incident to plant operation unless the engineer 
is present. 

B. Operator should stay near throttle for first few 
minutes. 

C. Engine should be shut down, doors removed, and in- 
spection made within 10 min. after starting. 

D. Inspect 30 min. after the first stop. Then run for 
2 hr. at full load and inspect. Then run for 4 hr. at 
full load and inspect. If the inspection is satisfactory 
to the engineer and mechanic, the engine should be 
placed in the line for a 24 hr. run at full load. 
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Diesel Lubrication 


To show the importance of cooperative re- 
search between the engine manufacturer and 
oil refiner, the author told the A.S.M.E. of tests 
demonstrating the effectiveness of specially 
prepared lubricants. Some of the general re- 
marks regarding the influence of the agents 
added to the lubricant, and the new filter prob- 
lem involved follow. 


By C. G. ROSEN 


Eng. in Chg. of Diesel Engine Dev. 
The Caterpillar Tractor Co. 
San Leandro, Calif. 


O A CONSIDERABLE EXTENT the problem of 

high speed Diesel lubrication involves a study of 
the cause and effect of. carbon and binder forming 
deposits. In this it is quite in order to place ring 
sticking first. 

Sticking of inlet valves in the high-speed Diesel 
engine is largely a problem of dirt and dust contamina- 
tions and may be induced by air-cleaner deficiencies. 
The sticking of exhaust valves is related to fuels and 
to lubricants, and to a combination of both. The car- 
bonaceous materials in the exhaust gases find their 
way into the clearance of stem and bushing, and retard 
valve seating. The amount of these carbonaceous 
deposits from combustion gases varies with the fuels 
and the degree of completion of the combustion process 
at the time of valve opening. 

The indirect effect from fuel deposition travels up 
the valve stem from below, whereas the influence from 
lubricants operates downward from above. When using 
straight mineral oils, it is customary to cut the supply 
of lubricants to the valve stem to the minimum, to 
restrict the formation of gummy deposits on the valve 
stem. With compounded types of lubricant, however, 
a copious supply is essential to make use of the solvent 
power of the oil in assimilating the stem deposits. 


FILTERS 


The subject of filters is one subject to considerable 
difference of opinion. The function of a filter is pri- 
marily one of removing injurious materials from the 
lubricating-oil system. What constitutes injurious ma- 
terials appears subject to wide interpretation. A good 
filter, however, should effectively eliminate abrasives, 
metal particles and water, and, insure that the aceumu- 
lations remain permanently separated and unable to 
reenter the flow of the system. 

Filters can be quite advantageous in removing 
sludges and crankcase depositions. They do not, how- 
ever, efficiently remove ring-sticking binders. Their use 
may postpone ring sticking somewhat, but the most 
deleterious binder materials are developed in the zone 
of the piston-ring belt quite remote from the sphere of 
activity of the filter. Filter depositions vary consider- 
ably with different types of lubricants. 
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Many believe that the lubricating-oil filter should 
be a refining system, while others approve the practice 
of systematic oil changes because of the resulting desir- 
able solvent action of new oil. The operating benefits 
derived from the use of selected additives to base oils 
are of great economic importance. Not only does 
their use improve Diesel-engine lubricants in resist- 
ance to ring sticking, but advantages are also derived 
in decreased cylinder and ring wear, reduced blow-by, 
depression of sludges, increased film strength, and 
effective flushing and cleansing. As these desirable 
qualities are conducive to lowered maintenance costs, 
their preservation is paramount. 

Some filters of the adsorbent type not only re- 
move the impurities accumulated in the lubricating- 
oil system but also the desired additives of com- 
pounded oils. Not only is there a decidedly growing 
tendency toward the use of additives for Diesel opera- 
tion, but they are also being used in motor oils for 
such purposes as corrosion inhibition, pour-point de- 
pression, and others. 

These ingredients, designed to yield specific oper- 
ating virtues, are removed by many of the clays and 
earths in use in adsorbent-type filters. The curves 
show the percentage of metal soap removed from the 
oil by such filter. Cycle 1 represents the activity of 
removal of a new filter on the first oil filling. After 
60 hr. of engine operation, the crankcase oil was 
changed and the influence of the filter on this new 
batch of oil is shown in cycle 2. It is evident that the 
ability of the filter to remove soaps continues for five 
eycles or a total of 300 hr. of engine operation. The 
ingredients which were designed to provide improved 
operating qualities were removed from performing 
their function. 
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Agents added to aanere the performance of Diesel engine lubricants 
may be inadvertently removed by certain types of filters as shown 
by these curves of metal soap removed by an absorbent type filter 
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HUS FAR in considering the problems of voltage 

regulation by means of electron tubes, we have 
described two systems, one based upon the principle 
of the condenser discharge, whch really amounts to 
the accurate measurement of the voltage of a con- 
denser and the other based upon the amplified relation 
between the grid bias voltage and the plate current 
of the three electrode high vacuum tube. 

Before we leave this subject, we will direct atten- 
tion to still another method, a method using a photo- 
electric element and one that is applicable to the con- 
trol of other values besides voltage. Fundamentally 
this method is almost absurdly simple and while not as 
accurate or rapid as the other methods described it 
is exceedingy useful and it has been applied in a 
number of commercial control devices. 

This method is based upon the simple expedient 
of boring a small hole in a voltmeter or any other 
meter at a point in the scale where some control func- 
tion is to come into play and then mounting ‘a photo- 
tube behind the hole so that the pointer will intercept 
a beam of light passing through the hole into the photo- 
cell, 

As has already been pointed out, all control fune- 
tions are really extensions of the field of measure- 
ment. Any measuring instrument such as a voltmeter 
or ammeter or thermometer can act as a controller 
provided it can be made to exert sufficient torque to 
move the mechanism. For example, if the voltmeter 
connected to the d.c. circuit in Fig. 1 could exert 
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Electron Tubes— 


PART XXxXI 
By A. W. KRAMER 


Thyratron Exciter For 15,000 kv-a. Syn- 
chronous Condenser at the Suburban sta- 
tion of the Scranton Electric Co. 


sufficient torque to operate the field rheostat of the 
small generator through the linkage system shown, 
it would serve as a voltage regulator as well as a volt- 
meter. If the voltage of the circuit tends to increase, 
more resistance will be cut into the shunt field circuit 
and the terminal voltage of the generator will drop. 


Where voltage changes are large such a system 


-could be made to work, but of course a standard volt- 


meter would not be used, as such devices are far too 
delicate to move any linkage system however deli- 
cately constructed. Sometimes meters are provided 
with very light contacts which are closed or opened 
by the movement of the pointer, but beyond that the 
use of measuring instruments for control purposes is 
usually not feasible. 

This, however, is where the almost inconceivable 
delicacy of photocell control comes into play, for, as 
pointed out in a preceding chapter, the photoelectric 
principle permits the use of an imponderable beam of 
light as a connecting link—not only as a connecting 
link but as an inertialess, frictionless operating lever. 
By drilling a hole in the scale of a meter, any pointer, 
however delicately designed or balanced, can be made 
to intercept a beam of light entering a photocell. 
Through suitable vacuum tube amplifiers the photo- 
cell can then in turn be made to actuate controlling 
elements which will bring the meter pointer back to 
its normal position, and thus, at the same time, restore 
the normal state of the circuit. 

An application of this scheme has been made in 
the control of a 250-v. d.c. generator. The general 
idea of this control is shown in Fig. 2. As will be 
noted, the plate impedance of the final amplifier tube 
takes the place of the usual field rheostat. This im- 
pedance is a function of the grid bias of the tube and 
this in turn is controlled by the photocell. The latter 
is mounted behind the hole in the voltmeter so that 
when the voltmeter needle uncovers the aperature the 
full illumination falls on the photocell. As the system 
is arranged, this will cause maximum bias to be 
applied to the amplifier tube in the generator field 
circuit and under these. conditions the resistance of 
the generator field circuit will also be at a maximum. 
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Principles and Applications 


Although many electron tube applications are complicated others 
are almost absurdly simple. One of those described here is of the 
latter class and it consists merely in boring a hole through the face 
of a meter and letting a light shine through it—at least that is the 
basic idea. In another application described here the principle of 
regulation is combined with that of power supply in the design of 
a thyratron exciter for a 15,000 kv-a. synchronous condenser. 


The terminal thus will be reduced to its lowest value. 
On the other hand, when the aperture is covered 
by the indicator the reverse condition will prevail; 
the grid bias and the plate resistance of the amplifier 
tube will be at a minimum and the generator vol- 
tage will be at its highest value. The change in vol- 
tage permitted will vary between the values repre- 
sented by the width of the aperature in the meter dial. 
If the width of the slit represents the distance the 
indicator moves for a change of 1 volt, the output of 
the generator will vary plus or minus 0.5 volt of the 
specified value. 

A modification of this hole-in-meter principle has 
been utilized in a photoelectric frequency regulator 
developed by Westinghouse. In this case a frequency 
meter is the heart of the device, but instead of using 
the indicator to intercept a beam of light, a small 
mirror is mounted on the end of the indicator, as 
shown in Fig. 3. By means of a simple optical system 
and two sources of light, this mirror reflects light into 
either of two photocells. When the frequency of the 


circuit to which the meter is connected is low, the 
mirror turns and reflects a beam of light into one 
photocell ; if the frequency is high, the light is reflected 
In either case, the cell in- 


into another photocell. 





Fig. 1. Showing how a voltmeter might be used as a voltage regulator, 
provided it could exert sufficient torque to operate the mechanical 
system shown 
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volved will close a relay which will apply proper 
corrective action to the governor of the prime mover 
driving the generator. Normally, when the frequency 
is at the correct value the reflected light from the 
indicator mirror is intercepted by the fixed mirror 
mounted immediately below the meter. Other refine- 
ments consist of a slotted rotating dise driven by a 
small motor to prevent hunting. The speed of this 
dise is such that the slot lets light through every two 
seconds. Thus, the photocells are permitted to apply 
corrective action for a limited interval of time only. 
The shape of the slot is such, however, that the greater 
the deflection of the mirror the longer will be the 
duration of the corrective action. The system, there- 
fore, brings the frequency back to normal at a rate 
which is roughly proportional to the departure from 
normal and does not overshoot. 

These two applications of the phototube, one in a 
voltage regulator and the other in a frequency regu- 
lator, are presented not so much to describe these 
particular devices as to indicate how the phototube 
has extended the usefulness of instruments beyond 
the range of measurement into the field of control. It 
will be obvious that innumerable adaptations of this 
scheme are possible. Within this scheme anything 





Fig. 2. Basic idea involved in the control of a 250-v. d.c.. generator 
by means of the hole-in-meter principle. In this case the final amplifier 
tube serves as the field rheostat 
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Fig. 3. Diagram showing the principle of the photoelectric frequency 
regulator developed by Westinghouse 


that moves a pointer, a column of mereury or water, 
a rotating disc, ete., becomes a controlling agency. 

In the case of the photocell voltage regulator de- 
scribed above, it will be noted that the last amplifier 
tube must be capable of carrying the entire field 
current of the generator. This, therefore, limits the 
application of this system to very small generators, 
unless some form of grid controlled gas filled tube 
could be substituted for the high vacuum tubes used. 
Such tubes are capable of handling much greater 
power. 

The use of such gas filled tubes introduces the 
possibility of not only controlling the excitation but 
of actually supplying the excitation for a generator 
cr motor. While no large scale application of such a 
system has been made on a generator, one has been in 
operation on a 15,000 kv-a. synchronous condenser 
since 1933. This machine is installed at the suburban 
plant of the Scranton Electric Co., a subsidiary of the 
American Gas & Electric Service Corp. The details 
of this interesting installation were described in the 
Electrical World for June 22, 1935, in an article by 
Philip Sporn. 

In this case the entire excitation current of some 
600 amperes is obtained from six FG-53 air-cooled 
thyratons. The usual rotating exciters are entirely 





displaced, all moving parts of any kind eliminated. 
‘he exciter is essentially a rectifier, the output voltage 
of which is controlled by the a.c. line voltage. 

The arrangement used is shown in Fig. 4. The 
actual excitation power is supplied from the 4000 v., 
3 phase bus through the excitation transformer at 
the right, while the control of this excitation power is 
effected through the grid transformer and the copper- 
exide rectifiers at the left. The control voltage is 
derived from the 3-phase potential transformers also 
supplied from the 4000 v. 3 phase bus. 

Each phase voltage is rectified separately by the 
copper-oxide rectifiers and the three rectified voltages 
so obtained are added to provide a d.c. potential 
which is applied to the thyrite bridge. The output 
of the bridge obtained as a voltage difference between 
points ‘‘a’’ and ‘‘b”’ is applied to the grid of the 841 
triode amplifier. The plate current through this tube 
flowing through resister R, develops a variable bias 
voltage which is applied to the FG-57 and controls 
the point in the cycle when the FG-57 fires. 

Considering the FG-57 thyratron control stage, the 
resultant grid voltage on this tube depends on (1) a 
fixed d.c. bias obtained across R, and R,, (2) a fixed 
a.c. bias obtained from the grid transformer, lagging 
120 deg. behind the anode potential and (3) the vari- 
able d.c. bias, already referred to, obtained across R, 
from the output circuit of the 841 triode amplifier. 

As soon as the FG-57 control thyratron fires, a 
G.c. voltage is developed across R, which is applied to 
the grid of the corresponding FG-53 power tube, caus- 
ing it to fire, the latter tube being normally biased to 
cut-off by its 110 v. fixed grid bias. After the FG-53 
power tube has fired the voltage applied across the 
FG-57 is limited to the are drop of the FG-53 power 
tube (about 20 v) and by the resistor R,, consequently 
the current through the control tube is reduced to 
practically zero. This leaves practically only the 
100 v. bias voltage on the grid of the FG-53 and so 
when the plate voltage passes through zero, the tube 
cuts off. 

In the circuit diagram only one of the six phase 
circuits is shown; but the other five phases are simi- 
larly equipped with FG-57 and FG-53 tubes, all of 
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which, however, are controlled by the same 841 tube. 
Thus a six phase exciter is provided whose output is 
regulated by the a.c. line voltage. 

In the case under consideration this vacuum tube 
exciter is applied to a synchronous condenser, but 
there is no reason why such a system cannot be ap- 
plied to a generator if it should prove desirable. The 
system has rapid response, in the installation tests less 
than one cycle was required to bring the field voltage 
to maximum under short circuit conditions. The 
maximum field voltage applied under these conditions 
was about 300 v., the normal being 116 v. at 15,000 
kv-a. leading. The sensitivity of the system is such 
that a change from 3000 kv-a. lagging to 18,000 kv-a. 
leading resulted in a change in the regulated voltage 
of less than one per cent. 

During operation of this thyratron excited con- 
denser it was found that any two of the FG-53 power 
tubes could be put out of service without overloading 
the remaining tubes, or affecting the smoothness of 
the field current even when the latter had a value of 
600 amp. With all three tubes of one Y out of service, 
the field current of 300 amp. did not overload the 
remaining tubes. 

Although this installation is used in actual service, 
it is of course to a certain degree experimental. It is 
not necessarily a question of whether this thyratron 
tube installation is better than an ordinary rotating 
exciter system. The important thing is that here is 
a new way of doing something we have done by other 
means, and that it combines two functions in one. 

The further development of a system such as this 
lies in the perfection of the tubes used and the re- 
duction of their costs. At the present time large 
power tubes are expensive and their life somewhat 
uncertain, but there is no reason to believe that with 
greater production their cost will not be lowered nor 
that with continued use and experience their life will 
not be lengthened. Tubes, carrying 600 amperes peak 
anode current at 1500 v. are after all somewhat differ- 
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Editor’s Note: 





Fig. 5. Another view of the 
thyratron exciter showing 
the six FG-53 power thyra- 
trons in the screened enclo- 
sure at the right. The two 
841 tubes are located near 
the top of the right hand 
panel and the six FG-57s 
are installed in the metal 
enclosure at the top of the 
adjacent panel. 


ent from the small glass affairs we use in our radio 
receivers and it is to be expected that their develop- 
ment will entail time and effort. Only within the past 
few weeks there was reported a development involv- 
ing a modification of the 866 rectifier tube and in 
which this comparatively small glass tube was enabled 
to earry 35 kw. 0.5 amp. at 70 kv. 

For the photographs of the thyratron ex- 


citer used in this article we are indebted to Philip Sporn, vice- 
president of the American Gas & Electric Service Corp. 


Modern Turbines 
Continued from from page 695. 


4 
watt hour of power. In the absence of specific data 
for the boiler and auxiliary apparatus it may be 
assumed that with modern equipment the overall plant 
heat rate will be in the magnitude of 25 per cent to 
30 per cent greater than the turbine heat rate. 

Is it not apparent that the heat rate is a much 
better measure of steam turbine performance than the 
steam rate? 

In the next article feed-water heating will be dis- 
cussed, with some consideration of theory, but with 
special emphasis on the results which may be obtained. 
Simple charts will be given for approximating the 
efficiency gain with one, two, or three stages of ex- 
traction for feed-water heating. By the use of the 
charts in this and the succeeding article any engineer 
should be able to approximate the effect of changes in 
the design steam conditions of a power plant and the 
advantages which will accrue from the use of feed- 
water heaters. 


Accorpine to a noted psychologist, most people’s 
brains act like a partial sit-down strike. Only 50 hp. 
being used, with 100 hp. of installed mental capacity. 
How’s your mental load factor? 
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Steel Tank Mercury Arc Rectifiers 








HE action of a mercury are rectifier depends upon 

the fact that electrons can be easily made to leave 
mereury at relatively low temperatures and with a 
comparatively weak electric field, but will not readily 
come out of material such as iron or carbon. Thus, if 
two wires from an a.c. supply are connected, respect- 
ively, to a small pool of mercury and to a clean piece 
of iron or carbon, both being located in a vacuum, 
enormous numbers of electrons will leave the mercury 
and go over to the other, solid, electrode during that 
portion of the alternating current cycle when the 
voltage of the iron or carbon is more positive than 
that of the mercury, but only a negligibly small num- 
ber of electrons will leave the solid electrode and pass 
over to the mercury during that portion of the cycle 
when the mercury is at a more positive voltage than 
the solid electrode. Actually, the are will not start 
unless a very high voltage is applied between the elec- 
trodes or unless a small are is struck at the surface of 
the mereury cathode. For this purpose a small 
movable electrode called the ignition anode, or an 
igniter, partially immersed in the mereury, may con- 
veniently be used. The spot on the surface of the 
mercury frum which the electrons are emitted becomes 
intensely heated, and moves erratically over the mer- 
cury surface. The heat generated serves to vaporize 
some of the mercury, which then reduces the electrical 
resistance of the space between the anodes and the 
cathode. To assure an adequate supply of mercury 
vapor, one or more auxiliary anodes are provided. 

A simplified cross-section of a rectifier of this type 
is shown in Fig. 1. The anode is shown with air-cooled 


- radiating fins in solid lines, and with a water-filled 


radiator in dotted lines. The air-cooled design is 
used for low-current units in which heat losses are 
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During the past two years the theory and mode 
of operation of all kinds of electronic rectifiers 
have been presented in these columns by Power 
Plant Engineering in its series of articles on the 
principles and applications of electron tubes. This 
article will, therefore, be confined mainly to a 
description of one type of steel tank mercury arc 
rectifier and a brief summary of the economic ad- 
vantages realized in a few typical installations, as 
well as to a statement of some of the practical 
advantages obtainable by the use of grid control. 


By OTTO KELLER 
Rectifier Division 


Allis-Chalmers Mfg. Co., Milwaukee, Wis. 


comparatively easily dissipated, and the water-cooled 
design, operating on the thermal syphon principle, is 
used for rectifiers of higher current rating. 

The rectifier consists of a double-walled steel tank, 


-the cooling water entering at the bottom, first cooling 


the cathode, then passing, in turn, through the hollow 
side walls, the top plate, sometimes called the anode 
plate, and finally the condensing dome. 

The anodes are located in shields or ‘‘sleeves,’’ and 
beneath each anode is located its associated control 
grid, which is provided with a separate lead and 
vacuum-tight bushing for the application of the con- 
trol voltage. The vacuum seals between the anode 
and grid lead-ins and the anode plate of the rectifier 
are provided with an additional protection in the form 
of a thin layer of mercury. The level of this mercury 
in the seal assembly is made visible by means of a 
small gage glass, and in case a seal should develop a 
leak its location is instantly recognizable by the 
sinking of the level in its gage glass, so that the bolts 
may be tightened and the difficulty remedied at once. 

The ignition device consists of a solenoid-operated 
plunger which dips into the mercury cathode to start 
the are. The are is maintained during periods of low 
load by one or more excitation anodes which are so 
located that the distance between them and the ca- 
thode is considerably less than the distance between 
the main anodes and the cathode. Consequently, 
a small amount of auxiliary power will serve to keep 
the cathode spot ‘‘alive.’’ 

If an igniter, which dips into the cathode mercury, 
is used to start the are, a current impulse is given to it 
once every cycle. This requires an auxiliary source 
of such impulses, but obviates the necessity of having 
an excitation arc burning constantly. 
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For Low Power Applications 


By suitably connecting the windings of the trans- 
former used with the rectifier, the number of phases 
can be increased from 3 to 6 or even 12, which will 
result in a smoother d.c. output voltage and current. 
A rectifier may, however, have 12 or 18 anodes even 
when it is used only for 6-phase rectification, as in 
some cases it is preferable to have two or even three 
sets of parallel secondary windings on the rectifier 
transformer, and consequently two or three anodes 
may operate in parallel simultaneously, thus reducing 
the heating of the individual anodes. 

An igniter-type rectifier, on the other hand, con- 
sists of one, two, three, six, or more, individual tanks, 
each containing one anode, one cathode, and one ig- 
niter. This type of rectifier has also been described 
and its operation explained in a previous issue.’ 

Since the magnitude of the voltage drop in the are 
of a rectifier is practically independent of the voltage 
being carried, and is a direct measure of the rectifier 
losses, it follows that the efficiency of a rectifier will 
improve as the output voltage is increased. If the are 
drop is, for instance, 20 v., the losses of a 250-v. recti- 
fier on that account will be 8 per cent, while those of 
a 25,000-v. rectifier, such as comes into consideration 
for plate power supply for radio stations, will be only 
0.08 per cent, or, in other words, the efficiency of such 
a rectifier tank, alone, is 99.92 per cent. 

The losses in the transformer and auxiliaries will 
of course make the overall efficiency of the whole in- 
stallation less than this value. However, while volt- 
ages of this order involve relatively large losses, com- 
pared to the loss in the rectifier itself, at medium and 
low voltages the losses in the transformer are only a 
small part of the total. 

Although large numbers of mercury are rectifiers 
are used for electric railway systems, yet applications 
of mercury-are rectifiers are not limited to supplying 
high-voltage direct current, even though the majority 
of the 500,000 kw. or’ more of rectifiers installed in 
this country are operated at 500 v. and higher for 
electric railway power supply. Their high efficiency 
at high voltages and ability to carry high momentary 
overloads are responsible for their general adoption 
for railway service. There are, however, many in- 
dustrial applications at 500 and 250 v. direct current 
where mereury are rectifiers are economical, and 
where their other desirable characteristics make them 
ideal converting equipment. 

In recent years the conversion of many metropoli- 
tan power supply systems from direct current to 
alternating current has created a field for low power 
conversion equipment to supply elevators and other 
low power drives in office and small industrial build- 
ings located in the territory formerly served with 
direct current. For such applications both the glass 





1Variable Speed Motor Control with Electronic Power Tubes. 
By S. R. Durand. Page 476. August 1936. 
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tube and the steel tank mercury arc rectifier are well 
suited, as the cost of installing such equipment is 
usually less than the cost of changing over all the 
motor drives to a.c. operation. 

The first steel tank rectifier installation of this 
type was placed in operation some 3 yr. ago. The set 
is rated at 150 kw. at 250 v. d.c. and supplies power 
for elevators, miscellaneous motors and lighting of a 
large Philadelphia warehouse. The rectifier replaced 
two old 200-kw. steam-engine driven d.c. generators 
which were abandoned in favor of purchased a.c. power. 
The boiler plant, which previous to the rectifier in- 
stallation supplied power and steam, and which was 
operated throughout the year, is now required only 
during the heating season, and is no longer used to 
supply power. 

The rectifier is cooled by fresh water and is provided 
with semi-automatic control, i.e., the vacuum is auto- 
matically controlled. An operator is available daily 
during an 8 hr. shift and six days per week. The rest 
of the day, nights, Sundays and holidays, the rectifier 
is operated without an attendant. 

This unit is installed in the basement of the ware- 
house and no changes in floor or wall structure were 
required. 

A schematic diagram of connections of such a set 
is shown in Fig. 2. (For the sake of simplicity, the 
grids are not shown in this figure. ) 

The no-load (idling) losses of a motor-generator set 
with a rating of 150 kw. are approximately 15 kw., 












































Sa 


Fig. |. A simplified cross section of a steel tank rectifier 
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Fig. 2. Connections of a 6 anode rectifier unit 


while those of the rectifier unit described are only about 
3.5 kw., or in other words, less than one-quarter those 
of a motor-generator set. This fact is the principal 
reason why rectifiers will save considerable power in 
installations where the converting equipment has to 
operate for long periods at very light loads, as, for 
instance, nights and week-ends. This is the case in 
this particular installation and is a condition which 
prevails in general in converting plants supplying 
buildings. : 

To illustrate the economies obtainable with a recti- 
fier, Fig. 3 shows curves giving the overall efficiencies, as 
a function of the percentage of load, of such a 150 kw., 
250-v. rectifier, including all auxiliaries, as well as for 
a similarly rated synchronous motor-generator set, both 
being supplied from a 2300 v., 60-cycle, 3-phase net- 
work. The spread between the efficiency curves of the 
two types of equipment is particularly evident at the 
lighter loads. 

Based on efficiency curves shown in Fig. 3, and 
the average station load observed over several years’ 
operation, the yearly power savings of the rectifier in- 
stallation as compared with a motor-generator set was 
computed to 82,400 kw-hr. With an average power 
rate of le per kw-hr. this represents a yearly saving 
of $824.00. From this has to be deducted the cost of 
cooling water for the rectifier which, at the usual water 
rate of $1.00 per 1000 cu. ft., amounts to approximately 
$78.00 per year, and therefore leaves a net power sav- 
ing of $824, less $78, or $746.00. This amount, capital- 
ized at 10 per cent corresponds to an investment of 
$7,460,00. 

The power factors of the rectifier mentioned above, 
and of a similarly rated induction motor-generator set, 
both measured on the 2300 volt a.c. terminals, are ap- 
proximately as follows: 

Load Y u% 4 
Power factor of 

Rectifier in % 


Power factor of 
M-G in % 66 78 86 90 


Full-load 


93.0 93.3 94.0 93.5 
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It follows from these figures that with the load as 
prevailing in this installation an average power factor 
of well over 90 per cent is obtained by the rectifier, 
while with an induction motor-generator set it is esti- 
mated that the average power factor would be less than 
80 per cent. With the use of a synchronous motor- 
generator set, a higher average power factor could 
naturally be secured, but it is doubtful whether under 
the prevailing load conditions a synchronous motor- 
generator set operating more than 70 per cent of the 
time unattended would show a better average power 
factor than the rectifier. 

Another rectifier installation, rated at 265 kw., 
265 v. d.c., also in an office building, where it is used 
mainly for supplying power to elevators, for which 
direct current is preferred, showed an average annual 
expense for repairs and supplies of $50 per yr. 

Similarly, direct current is generally preferred due 
to its greater ease of control, for mining operations, 
and the suitability of mercury arc rectifiers for supply- 
ing d.c. power to mine haulage systems is exemplified 
by two successful installations. In one of these a 
300 kw., 550-v. automatic rectifier has for ten years 
supplied d.c. power to the haulage system of a coal 
mine in West Virginia. 

During the years in which accurate records were 
kept, the average yearly maintenance cost of this 
rectifier was $79.60, against $198.20 for automatic 
motor-generator sets, and $255.50 for automatic con- 
verters, all operated on the same power system and 
serving mines. 

In spite of the fact that this rectifier was one of 
the first installed in this country, at no time during 
the ten years’ operation was the assistance of a fac- 
tory representative required for its maintenance. This 
rectifier replaced a 300-kw. synchronous motor gen- 
erator and raised the overall substation efficiency 
from 50 to 85 per cent. The above records check 
closely with the records of over 300,000 kw. of recti- 
fiers installed in railway substations and industrial 
plants throughout the country. 

About a year ago, a similar automatic 550-v. recti- 
fier unit, but rated at 600 kw., was placed in service 
in a Pennsylvania coal mine for supplying d.c. power 
to the haulage system of that mine. This unit also has 
given very satisfactory results. The saving of power, 
due especially to the high efficiency at fractional loads, 
has been at the rate of more than 25 per cent of the 
first cost of the rectifier per year. 

Somewhat over a year ago, for the first time in the 
history of the American Steel Industry, a mercury are 
power rectifier was installed to supply direct current 
to a steel mill. 

This rectifier unit, which is rated 1000 kw., at 
250-v., is installed in a steel mill located in the Chi- 
cago District. It converts 2300-v., 3-phase, 60-cycle 
a.c. power to 250-v. direct current, which is supplied 
to wire drawing stands, cranes, lifting magnets, etc. 
Figure 5 shows this installation. 

The installation costs of mercury are rectifiers are 
low on account of the absence of heavy rotating 
masses, so that no special foundations are required. 
Furthermore, the cost of the starting gear needed for 
a mercury arc rectifier is much smaller than in the 
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case of rotating conversion equipment. These facts 
already compensate, at least in part, for the some- 
what higher equipment cost of mercury are rectifiers 
in the lower voltage classes, around 250 v., which 
averages approximately 20 per cent more than rotat- 
ing conversion equipment of the same rating. The 
large savings in power and maintenance costs exempli- 
fied in this article would in any case be more than 
ample to compensate, in a very short period of time, 
for any differential in the combined equipment and 
installation costs of rectifiers as compared with ro- 
tating converters. 


ELECTRICALLY-ENERGIZED GRIDS 


In more recent rectifier installations simple and 
convenient control of the output voltage and current 
is an added feature made possible by the use of electro- 
statically energized grids installed directly in the path 
of the are, a short distance below each anode. 

The principles according to which these grids func- 
tion have also been clearly explained in previous 
articles in this publication, but for convenience they 
may be briefly restated below. In a rectifier having 
only one or more anodes and a cathode, each anode 
will attract electrons and thus carry current only as 
long as it is at the highest positive potential with 
respect to the other anodes. By placing electrically 
energized grids a short distance below the anodes, an 
electric field can be set up, which may be either posi- 
tive or negative with respect to the anodes. This field 
will then either assist the flow of electrons to the 
anodes or will prevent that flow altogether. 

In a high-vacuum device such as the average radio 
tube, the grid can also effect a gradual regulation of 
the number of electrons flowing to the anodes, but in 
the presence of an ionized vapor, such as that of mer- 
cury, the grid cannot exert a smooth regulation over 
the flow of electrons, but can only either assist it or 
prevent it. The only way a grid can regulate the out- 
put voltage, and, therefore, also the current, in a 
rectifier of this type is by preventing the flow of elec- 
trons to an anode for a desired portion of that alter- 
nating-current half cycle during which the anode is 
positive, and then releasing the flow of electrons. As 
a result the average voltage delivered by the rectifier 
over a period of one cycle,—and therefore, its con- 
tinuous output voltage,—is reduced as some function 
of the length of time during which the flow of elec- 
trons is delayed to each anode during each cycle. 

Grid-control has passed the experimental stage 
and has been fully developed commercially so that 
the majority of all metal tank rectifiers now being 
installed are equipped with this improvement. 
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Fig. 3. Overall conver- 
sion efficiency of 150 
kw., 250-v. mercury arc 
rectifier with auxiliaries 
and of a similarly rated 
induction motor-genera- 
tor set (2300 v. motor) 
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Fig. 4. A grid controlled mercury arc rectifier with built-on evacuat- 
ing equipment, rating 600 kw. 500 v. d.c. 


Since the power required by the grids to control 
the mercury are of even the largest rectifiers amounts 
to only a few hundred watts or, roughly, one ten- 
thousandth of the amount of power passing through 
the rectifier, the grid-control equipment is inexpensive 
and light in weight. Moreover, the rating of this 
apparatus is independent of the rating of the rectifier 
or of the magnitude of the supply voltage. 

There is a slight lowering of the power factor when 
grid-control regulation is used to compensate for the 
natural voltage rise of rectifiers at low loads or a.e. 
and d.c. line drops, but even at only one-quarter load, 
the power factor reduction due to grid-control is 
usually less than 4 per cent, which is generally accept- 
able. 

On the other hand, if the rectifier is operated con- 
tinuously with its voltage reduced more than 15 per 
cent by means of the control grids, its operation may 
become uneconomical on account of the lowered power 
factor; also, the increased ripple, due to the large 
reduction in output voltage, may become undesirable. 
In most applications, however, operation at greatly 
reduced voltages is not required, except for starting 
or for temporary periods of operation at very light 
loads, so that the reduced power factor is not ob- 
jectionable. 

If a wide range of voltage regulation is required 
only at intervals the reduction in efficiency and power 
factor are unimportant. If the voltage has to be 
varied within wide limits at frequent intervals, high 
power factor and efficiency may be maintained by 
combining a coarse regulation by a few taps of large 
steps on the transformer with a fine regulation be- 
tween those taps by means of grids. 
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Fig. 5. 1000 kw., 250 v. grid controlled mercury arc rectifier with 
auxiliaries and control panels for steel mill service 


Grid-control enables d.c. motors to be started at 
low voltage, and to be brought up to speed smoothly 
and gradually.. Moreover, motors for drives where 
exact speed regulation is of importance may by this 


means be accurately and automatically controlled. 

A factory-assembled grid-controlled rectifier with 
auxiliaries with a rating of 150 kw., at 250 v., is shown 
in the photograph at the head of this article. Such 
a rectifier set is therefore eminently suitable for just 
such applications as the above. It will be observed 
that the rectifier, the evacuating equipment, the 
vacuum gage, the ignition and excitation transform- 
ers, grid transformers, a.c. and d.c. circuit breakers, 
and all necessary controls are combined into one. unit. 
The output voltage can be regulated from full value 
to zero, smoothly, by simply turning the hand wheel 
in the center of the control panel. 

The main advantages of this type of speed con- 
trol are its smoothness; its high efficiency at reduced 
speed, especially at the higher voltages; the simple 
control gear required; the very wide range of regu- 
lation obtainable, with stable operation even at very 
slow speeds; and the low maintenance cost compared 
with motor-generator sets used for speed control. 
Furthermore, several motors can be connected to 
different groups of anodes on a large multiple-anode 
rectifier, and each motor can be separately controlled. 
This type of control is particularly desirable for 
variable-speed drives of paper and textile machines, 
printing presses, conveyors, pumps, fans, blowers, 
compressors, mine hoists, rolling mills, and the like. 

In addition to the above, the electrically energized 
grids may also be used to interrupt short circuits and 
other disturbances within less than one cycle. More- 
over, they can be employed to reduce the voltage when 
service is restored after an interruption and gradually 
to bring the rectifier up to full voltage again. This 
feature is of great advantage in connection with many 
types of equipment which may be supplied with 
direct current by rectifiers. 

Experience with a large number of other installa- 
tions, both of the 250-v. and of the 600-v. classes, 
shows that mercury are rectifiers possess marked ad- 
vantages over rotating equipment, particularly where 
the apparatus has to operate for long periods of time 
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at light loads, and without any attention. This is 
due to the high efficiency of this type of equipment 
at such loads, and to its ready adaptability to un- 
attended operation. Moreover, no synchronizing is 
required, and neither a.c. nor d.c. system disturbances 
have any harmful effects on the rectifier, producing 
at the worst only momentary interruptions, especially 
when the grids are used for automatic clearing of 
faults, load limiting, and service restoration. 


These advantages, combined with the low installed 
cost of a rectifier. Its immunity to dust and chemical 
fumes, and ability to withstand high momentary over- 
loads and short circuits, make the mercury are recti- 
fier justly enjoy an ever-widening acceptance in many 
fields of application. 


Piping Specifications 


As A REsutt of the work of A. S. T. M. Committee 
A-1 on Steel, important recommendations were ap- 
proved involving particularly the field of pipe and 
tubing materials. One noteworthy change was to 
issue revisions in the form of new tentative specifica- 
tions* to replace immediately the standard A83-36 
covering lap-welded and seamless steel and lap-welded 
iron boiler tubes. The new tentative specification 
A83-38T is especially significant because the commit- 
tee has recognized the advantages of designating wall 
thicknesses by decimals in place of B.w.g. and fractions 
as well as the desirability of indicating permissible 
variations for wall thickness and weight in percent- 
ages rather than by the existing dual system. The 
former grade of medium carbon material in the speci- 
fication was deleted and a new tentative specification 
A210-38T for medium carbon seamless steel boiler 
tubes was approved. The use of this material and 
the desirability of making certain modifications in 
requirements indicated the necessity of a separate 
specification. 


Demands for recognized standardized requirements 
for carbon-molybdenum seamless steel boiler and su- 
perheater tubes resulted in new tentative specifications 
for this material. The close cooperation of consumers 
and makers resulted in a favorable consensus on the new 
specifications which bears the designation A209-38T. 


For some time Committee A-1 has been developing 
standardized requirements for spiral welded pipe 
and there has now been issued a new specification 
A211-38T covering spiral welded steel or iron pipe 
4 to 48 in. in diam. inclusive, with wall thickness 
from 1/16 to 11/64 in. manufactured by the fol- 
lowing electric-fusion-welded processes: spiral lap- 
welded joint, spiral lock seam welded joint, or 
spiral butt welded joint. In order to cover spiral 
welded material greater than 3/16 in. in thickness, 
tentative revisions are being published in two existing 
specifications covering electric-fusion-welded steel pipe 
of sizes from 8 in. to 30 in. and sizes 30 in. and over. 


*Printed copies of these new specifications will be available 
at the office of the American Society for Testing Materials, 260 
S. Broad St., Philadelphia, Pa., by November 1. Each specifica- 
tion is printed as a separate pamphlet at 25 cents per copy or 
at reduced prices on quantity orders. 
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Power House Addition 
at Vineland 


Municipal plant modernized and en- 
larged by installation of 400-lb. boiler 
and 4000-kw. turbine. 


By R. A. CARLTON, 


Chief Engineer 
Vineland Municipal Electric Plant 


ECENTLY installed equipment in the Municipal 
Electric Plant in Vineland, New Jersey, has 
nearly doubled the electrical capacity of the plant, 
and has already demonstrated the better economy of 
modern equipment. The original plant consisted of 
two 250-hp., one 550-hp. and one 607-hp. boilers. These 
delivered steam at 200 lb. pressure to three turbine 
generators—a 3000-kw., a 1000-kw. and a 750-kw. unit 
respectively. The average evaporation with the old 
equipment ranged from 9 to 9.5 lb. of steam per Ib. of 
coal. 

Engineering work and supervision of the enlarged 
plant was done by the Scofield Engineering Co. of 
Philadelphia. All construction and installation work 
had to be done without interrupting the service of the 
existing plant. This demanded considerable ingenuity 
on the part of the construction engineers, as old equip- 
ment and building walls had to be torn down and new 
ones erected alongside the older machines while oper- 
ating at full capacity. 


OnE BorLer Repuaces Two 


The two 250-hp. boilers were replaced by a 4-drum, 
bent tube Stirling type boiler with 7900 sq. ft. of heat- 
ing surface. This is a 790 hp. unit with a 400 per cent 
rating, capable of delivering 96,000 lb. of steam per 
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Fig. 1. New section of Vineland Municipal Plant 


hour at 400 lb. pressure and 750 deg. total tempera- 
ture. It is fired by an hydraulic stoker with coal from 
a 900 t. overhead bunker. The outside coal handling 
equipment was unchanged, and the old steel stack is 
used to remove the combustion gases. After passing 
through a clinker grinder, the ashes are removed by 
truck. 


Combustion is automatically regulated by steam 
pressure in the 400 lb. header, which controls the 
stoker feed and the forced and induced draft dampers. 
A complete record of boiler performance is recorded 
on instruments mounted in the boiler room. This 
board includes a 5-point draft indicator, a 2-pen re- 


Fig. 2. Turbine room at 
Vineland. Old 3000-kw. unit 
in foreground, new 4000-kw. 


unit in. background 
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Fig. 3. Front of new boiler showing stokers with hydraulic drive 


corder for steam pressure and temperature, a 2-pen 
totalizing recorder for air flow and steam flow, a water 
level recorder, steam and feedwater pressure indi- 
cators and a 4-pen temperature recorder for the pre- 
heater gas and air as they enter and leave the pre- 
heater. 

Feedwater is supplied by two turbine-driven cen- 
trifugal pumps operating from either the 400 lb. or 
the 200 lb. steam lines. From the hotwell, feedwater 
passes through a low and high pressure deaerating 
feedwater heater, supplied with extracted steam at 
approximately 11 lb. and 50 lb. respectively, depend- 
ing upon the turbine load. The low pressure heater 
raises the hotwell temperature from about 90 deg. to 
190 deg. F. In the high pressure heater the water is 
raised to 300 deg. 

Forced and induced draft fans are located above 
the boiler. Air from the preheater is delivered at 280 
deg. Evaporation of the new boiler ranges from 10.75 
to 11 lb. of steam per lb. of coal, which shows a 
decided improvement over the old equipment with its 
9.5 maximum. 

Steam for the old 1000-kw. and 750-kw. turbines 
is provided at 200 lb. from the old 550 and 607-hp. 


Fig. 4. Two new turbine driven boiler feed pumps 
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boilers, or, through a reducing valve and desuper- 
heater, from the 400 lb. main. The old 3000-kw. turbine 
has been revamped to operate at 400 lb., thereby profit- 
ing by the better efficiency possible with the higher 
steam pressure. 

The new 4000-kw. turbine has two points of extrac- 
tion for feedwater heating. These extraction pressures 
vary from 11 to 44 lb. at the low pressure point, and 
40 to 125 lb. at the high pressure point, as the turbine 
load varies from 1000 kw. to 5000 kw. The turbine 
exhausts at 29 in. of vacuum to a 2-pass surface con- 
denser with 5000 sq. ft. of cooling area. 

This turbine drives a 5000-kv-a., 60-cycle, 3-phase 
generator, delivering power at 2400 v. A new gen- 
erator control board and distribution switchboard 
have been installed, giving a complete record of gen- 
erator performance and power delivered. Remote 
controlled circuit breakers are housed in a new breaker 
room below the turbine floor. Power is transmitted 
from an outdoor substation at 6600 v. 





List of NEw EQuIPMENT AT VINELAND 


Boiler Babeock & Wilcox Co. 
Stoker American Engineering Co. 
Boiler Feed Pumps Dayton-Dowd Co. 
Feedwater Heater Cochrane Corp. 
Combustion Control Bailey Meter Co. 

Forced and Induced Draft 


Fans Sturtevant Co. 
Condenser Foster Wheeler Corp. 
Air Preheater Prat-Daniel Corp. 
Reducing Valve Bailey Meter Co. 
Desuperheaters Elliot Co. 

Turbine Elliot Co. 
Generator Elliot Co. 
Switchboard General Electric Co. 


Recording Instruments Bailey Meter Co. 





Provision has been made to facilitate future expan- 


sion, by means of replacing the low pressure turbines 
-and boilers. The total cost of the new installation 


amounted to $750,000, of which 45 per cent was a PWA 
grant. ; 


HarpNEss TEST: Alloy steels and cast irons are 
now being produced of hardness approaching so 
closely to that of the diamond that standard methods 
of measuring hardness are no longer sufficiently ex- 
act, according to J. 8. Vanick of the development and 
research division, International Nickel Co., Inc. The 
rebound tests were found to require an average from 
16 tests to narrow the variation to an acceptable 
point. The Brinell test by indentation with a tung- 
sten carbide ball 10 mm. diam. under pressure of 
3000 kg. for 30 sec. required only two or three de- 
terminations to get uniform values. This is the most 
satisfactory test to use,:says Mr. Vanick, but im- 
proved testing devices and methods are needed to 
remove uncertainties in the results of hardness tests. 
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Heat, Temperature 
and Entropy 


By A. BEMENT 


O BEGIN with it is essential to realize the distinc- 

tion between heat and temperature. Temperature 
is the potential of heat, the strength of heat as it may 
be said. 

Temperature is in no sense an indication of a quan- 
tity of heat. In the outdoor air in winter there is 
enough heat to melt iron, a large quantity of iron for 
that matter. But such heat is not available for the pur- 
pose because its potential is not sufficient. The terms 
heat and cold are commonly employed in a relative 
sense. The foundryman may complain that the iron 
in the ladle has become too cold for pouring into the 
mold, yet the metal may be at a red heat, so common 
expression has reference to some desirable process or 
purpose. 

Heat flows or passes, only from a condition of higher 
to one of lower temperature. Like water, heat can not 
flow up hill. For example, in winter time, people add 
extra clothing when going out of doors as protection 
against the ‘‘cold’’, and the expression ‘‘ penetrating 
cold’’ is often employed, suggesting that the colder 
condition has power of attack, that coldness has been 
acquired. This is not true, the discomfort experienced 
is due to loss of body heat to the lower surrounding 
temperature condition. Therefore, instead of acquiring 
cold, the person loses heat which causes the discomfort 
experienced. 

With refrigeration ‘the process is not one of supply- 
ing cold to the storage compartment, but is rather a 
process of abstracting heat from these compartments. 
The refrigerant at a relatively lower temperature 
acquires heat, and this loss of heat produces lowered 
temperature in the storage compartments. The action 
may be illustrated by the-act of gathering up water 
with a sponge, the sponge*is squeezed and the water 
expelled, then returned for an additional supply of 
water. So in refrigeration, the refrigerant goes out, 
®athers a quantity of heat, passes it to the compressor 
Where its temperature is greatly elevated, then it passes 
to the condenser where heat is removed, then it goes 
back for an additional supply of heat:.This heat that 
is removed from the storage spaces in-spite of insulation 
is derived from the surrounding air which is at much 
higher temperature than the refrigerated’ spaces. 

At the temperature of absolute zero, there can be 
no heat, or in other words, the condition of zero heat 
is at absolute zero of temperature. It therefore follows 
that any temperature above the absolute zero is a state 
of heat. That this is true is illustrated by the cake of 
ice that supplies heat to evaporated liquid oxygen. It 
therefore may be said that every temperature above the 
absolute zero is a relatively hot condition. For example, 
a temperature of 100 deg. below the Fahrenheit zero 
is hot as compared with one of 200 below. 

Quantities of heat, i.e., heat units, that may be pres- 
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ent in a substance depend on what the material is. 
Water has the highest heat capacity, for one degree F. 
rise its capacity per pound is one B.t.u. Air has about 
one quarter as much and other substances have various 
capacities all less than water. Thus if the specific heat 
and temperature of a substance be known together with 
its weight, the amount of heat may be calculated, pro- 
vided no other influences intervene. Another factor, 
however, enters the problem in some eases. It is that 
of latent heat. It is not sufficient to know the tempera- 
ture and weight of steam to determine its heat content 
because most of its heat is not shown by either tem- 
perature or weight, and this fact must be taken into 
consideration, which leads to the subject of entropy, 
about which so much mystery has prevailed. 

In the standard temperature-entropy diagram, 
temperature is indicated by the vertical and entropy 
by the horizontal scale, with this recognized founda- 
tion, the effects of heat as applied to water is indi- 
cated on the accompanying diagram. Water in its 
lowest heat stage is solid in the form of ice. On the 
application of heat its temperature rises to 32 deg. F. 
at which point temperature, for the moment, ceases 
to rise, and with further application of heat, the ice 
is melted to water with an input of heat not indicated 
by rise in temperature until the ice has all been 
changed to water. Then the continuing application 
of heat raises the temperature of the water to 212 
deg. F. at which point, temperature remains stationary 
for a long period. When the water has all been evapo- 
rated into steam, the continued application of heat 
further raises the temperature of the steam. 

It is apparent that there are three periods, one 
with ice, one with water, one with steam in which the 
acquisition of heat results in rise in temperature, in 
other words accumulation of sensible heat. Likewise 
there are two periods of heat acquisition with no 
change in temperature during which much heat be- 
comes latent. 

Referring to the standard accepted heat-entropy 
diagram it is evident that all that can develop from 
the application of heat to water in its different con- 
ditions, leads to the conclusion that entropy increases 
directly as the sum of the sensible and latent heat, i.e., 
the total heat involved, and inversely as the total tem- 
perature. In other words entropy is the total heat 
divided by the total temperature. Not a very mys- 
terious matter. 
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In our opinion the picture at the right could 
have been vastly improved if the photog- 
rapher had rounded up a bevy of Hollywood 
bathing girls and draped them around this 
gear, but we had to accept it as it came to 
us. Perhaps it is just as well since it enables us 
to concentrate more on the gear itself. It is 
over 20 ft. in diameter and was made in two 
halves from steel castings weighing over 40,000 
lb. It was made by Foote Bros. Gear and 
Machine Corp. and will transmit 1500 hp. 
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PICTURES 


Heavy guns of modern industry are 
tuned to the demands of peace and the 
ever-increasing requirements of urban and 
rural districts for power. This symmetrical 
arrangement of three Maxim silencers and 
two air intakes at the new REA Diesel 
plant of the Thumb Electric Cooperative 
in Michigan is symbolical of the interde- 
pendence of government, capital and con- 
sumer, backed by the operator and man- 
agement, in the present drive to extend 
electric power facilities to rural areas. 

















Like the shell of a gigantic snail, this 45,000 
lb. cast iron pump casing makes an interesting 
photographic study in the Allis-Chalmers shops 
at night. It belongs to one of four 72-in. 
double suction sewage pumps now under con- 
struction at the Allis-Chalmers shops for the 
Racine Pumping Station of the Sanitary Dis- 
trict of Chicago. Each complete motor driven 
unit will weigh 135,000 Ib. and will be capable 
of pumping 375 cu. ft. per sec. of raw sewage 
against a 19.5 ft. head. 
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of Engineering Interest 











Machining Glass? Well not exactly, but 
something like it. Using a special lathe the 
operator above is putting the finishing touches 
to a large electron tube in the Bloomfield, N. J. 
plant of Westinghouse. He is sealing the 
cathode mount to a bulb assembly, using a 
wooden paddle to shape the glass which has 
been softened by gas torches. 


"Ready!" In the view at the right another 
steel member is maneuvered into position on 
the concrete placing trestle high above the 
Columbia River at Grand Coulee Dam. Twelve 
thousand five hundred tons of steel will go into 
this great trestle which will be buried in the 
concrete as the dam rises to its 550 ft. height. 
(Photo. Bureau of Reclamation.) 
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A personification of neatness is this Gen- 
eral Electric metal clad switchgear installed in 
a large rayon plant on its generator-room 
floor. The equipment controls 3—2400 v. 2 
phase 60 cycle and 3—3450 v. 3 phase 150 
cycle generators and 20 feeders. 
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How About the 


Small Industrial? 


Advantages offered by high pressure are generally con- 
sidered beyond the reach of the small plant that 
measures its load in hundreds of kilowatts. Yet the 
European firm of Emil Adolff has been operating a 1400 
lb. once through boiler and 850 kw. engine generator 
sets since 1936 with a degree of success that warrants 
close study as to the practicability of small tops. This 
article is based on one written for the V.D.I. by C. Vest, 
chief engineer of the Emil Adolff bobbin and spool 
works, Reutlingen, and translated by Sulzer Bros. of 
Winterthur, Switzerland, manufacturers of the 40,000 Ib. 
per hr., 1500 Ib., 800 deg. F. Monotube boiler, 850 kw. 


engine generator sets and auxiliaries. 


NDUSTRIAL STEAM POWER PLANTS, where 
the output is only a few thousand or even a few 
hundred kilowatts, have not heretofore considered it 
practical to make use of the advantages of high-pres- 
sure steam, since boilers with natural circulation are 
too expensive for such plants, and it was generally 
supposed that no tubular forced circulation boiler 
could be used with feedwater containing even a slight 
trace of oil. If the small high-pressure boiler plant is 
to be developed, it is essential that it should not be 
sensitive to traces of oil in the feed for low efficiencies 
of small steam turbines nullify the thermal advan- 
tages of high-pressure steam, and, although small 
reciprocating engines give good efficiency at full or 
partial loads, even if the admission pressure is high, 
they are liable to foul the condensate with a certain 
amount of oil unless special precautions are taken to 
avoid it. 

Service results of the high-pressure steam plant 
installed, in Europe, at the works of the firm Emil 
Adolff, bobbin and spool manufacturers, show that 
with a monotube boiler working in conjunction with 
reciprocating steam engines, it is possible to make use 
of the advantages of high-pressure steam even in a 
small plant. A complete high-pressure plant, de- 
veloped by Sulzer Brothers, was installed. It consists 
of: A monotube (once through) steam generator with 
an output of 44,000 lb. per hr. of steam at a working 
pressure of 1422 lb. and 788 deg. F.; two steam trans- 
formers, producing together 35,000 to 40,000 Ib. per 
hr. of process steam at pressures of from 80 to 225 Ib., 
with high-pressure steam to steam superheaters; two 
reciprocating single-cylinder steam engines, working 
at a pressure of 1350-1422 Ib., each with an indicated 
output of 1200 hp. at 250 r.p.m. and direct coupled 
to.a 850 kw., 3 ph. generator. 

In the high-pressure engines steam expands in one 
stage, normally to 130 lb., although the back-pressure 
may be adjusted to any figure between 85 and 230 lb. 
as required. Because of the great fluctuations in back 
pressure, the designers chose a single-stage steam 
engine, in spite of the great drop in pressure that was 
required. 

The monotube steam generator consists, in its sim- 
plest form, of a single length of tubing although in 
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the present case there are two tubes in parallel. The 
generator being constructed without drums, the nests 
and coils of tubes can be arranged favorably with 
respect to the varying temperatures of the flue gases 
so it is possible to limit the use of special steels mainly 
to the superheater tubes and a few pieces which are 
subject to particularly high thermal stresses. 

Ends of the tubes of each separate nest are led 
out at the side and connected outside the boiler to 
the next nest. This method of construction has the 
advantage that the temperatures of the water, steam 
and flue gases and consequently also the heat trans- 
mission in separate zones, can be supervised while 
the boiler is in operation and the result of this can, 
in as far as it is necessary, be made use of for the 
automatic regulation of the boiler. 

Walls of the combustion chamber are cooled on 
all sides by tube coils reaching down to the grate. 
All tube connection within the boiler are made by 
oxy-acetylene welding, an inset ring being fitted at 
each joint. The type of firing adopted for the Mono- 
tube steam generator is a traveling-grate stoker with 
zone-regulated forced draft. 

The three-throw high-pressure feed pump, driven 
by a 3 ph. brush shifting motor has an output which 
can be regulated between 9000 and 48,000 lb. per hr. 
at a maximum service pressure of 2100 lb. Figure 2 
shows that in contrast to the usual types of plunger 
pumps, the suction and delivery valves are not fitted 
on the pump cylinder but in a separately arranged 
casing connected to the pump cylinder by a pipe. 
The pump is driven by a three-phase commutator 
motor with speed regulation to suit the intermediate 
steam temperature; this temperature being taken as 
an approximate scale for measuring the changes in 
the amount of heat supply. 

Automatic control is by two thermostats with 
regulators for the boiler feed and for injection of 
water to regulate the steam temperature. These 
regulators are actuated by the thermostats, as shown 
by Fig. 4, and operated by oil under pressure. The 
two thermostats are fitted in the superheater tubing 
outside the boiler, in an easily accessible position. 
One of the thermostats is operated by the steam tem- 
perature at the beginning of the superheater; (for 
medium load about 644 deg. F.); the other by the . 
temperature of the steam leaving the boiler (end 
temperature). When the load fluctuates quickly, it 
is not possible to keep the final steam temperature 
constant by means of the feed regulator alone. Con- 
sequently, for the fine regulation of the final tempera- 
ture an injection regulator is also provided, controlled 
from the end thermostat. 


ENGINES 

High-pressure reciprocating steam engines were 
chosen because of: The working conditions prevail- 
ing; the small power output; the high steam condi- 
tions ; and the fluctuating load. Their efficiency under 
such conditions is higher than that of steam turbines 
and they are less sensitive to fluctuations in back 
pressure. A longitudinal section through the engine 
is shown in Fig. 1. The method of attachment of the 
cylinder block, forged from open-hearth steel, shows 
many points of difference from methods hitherto 
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adopted. The block is not attached direct to the 
rigidly anchored frame of the engine, but is overhung 
and suspended on heavy steel beams. In this way the 
frarfie of the engine, and working parts subject to 
high mechanical stresses, are affected only to a slight 
extent by heat transmitted from the cylinder. The 
overhung arrangement of the cylinder block has the 
further advantage that it allows free expansion. As 
a surface for the piston, a liner of high-grade cast 
iron is pressed into the cylinder block. The forged 
steel piston is in several parts and has eight flexible 
cast-iron rings. 

Stuffing boxes through which the piston rod passes 
are fitted with metallic packing. Immediately adjacent 
to each of the two stuffing boxes, the piston rod is sup- 
ported by special water-cooled bearings, which relieve 
the stuffing boxes of lateral pressure from the rods. 
The slight cooling experienced by the surface of the 
piston rod as it passes through the water-cooled bear- 
ings favors the maintenance of a film of lubricating 
oil, thus contributing in a large degree to reducing 
wear in the stuffing boxes. 


These engines are fitted with Sulzer valve gear as 
used in medium préssure engines: A spring-loaded 
shaft-governor, connected to a rotary-piston servomotor, 
operated by oil under pressure and arranged for remote 
control of speed and pressure. The spring-loaded gov- 
ernor, and consequently the valve lift and the cut-off, 
are controlled not only by the speed of the camshaft, 
but also by a rotary servomotor, under the influence 
of the boiler pressure, and fitted on the camshaft. The 
steam generator and engine are therefore positively 
coupled together. Should the speed suddenly increase 
above a predetermined limit, as when the load is sud- 
denly removed, the valves of the engine are released 
and act as quick-acting automatic stop valves. The 
admission valves are of the single beat type, the valve 
spindle being guided in a special bushing. 

An automatic valve, governed by the steam pressure 
and steam temperature, (k, 1 and m of Fig. 4), is for 
reasons of safety used before the engines. Should the 
boiler regulator fail to act and the pressure or the 
temperature become unduly high, this valve closes. 
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This device ensures that the engines can be run only 
under normal conditions of pressure and temperature. 
The highly loaded bearings of the crankshaft, eross- 
head and valve control gear are fitted with a system 
of forced lubrication. The returning oil is led through 
filters. The cylinder lubrication works independently 
of the central lubrication system. The cylinder oil is 
measured out, distributed and delivered by means of 
a high-pressure sight feed lubricator, driven from the 
camshaft. For lubrication, a pure non-compounded 
mineral oil with a viscosity of 8.3 deg. Engler at 100 
deg. C. (212 deg. F) and a flash point of 350 deg. C. 
(662 deg. F.) is used. Oil consumption of the high 
pressure cylinder at full load amounts to only 200 to 
250 grams‘ per hour or about 0.2 grams per b.hp. hr. 
This low oil consumption can be attributed partly to 
the suitable design of the cylinder and piston, and 
partly to the small diameter of the cylinder. 
According to observations and measurements, the 
oil forced into the high-pressure cylinder is practically 
all expelled again in the exhaust. The oil content of 
the exhaust steam fluctuates with the load and amounts 
to between 0.009 and 0.018 grams per pound’ of ex- 
haust ; the percentage being least at full load, since the 
engine is lubricated uniformly irrespective of the load. 
About 80 to 85 per cent of the oil introduced into the 
cylinders is recovered- again by the baffleplate oil sep- 
arator. In order to separate the oil still remaining in 
the steam, a special oil separating device is fitted in 
the condensate tank, and a coke filter in the feed line 
(not an activated coke filter). The oil content of the 
condensate fed into the high-pressure steam generator 
fluctuates between 0 and 3 milligrams per litre. 


Service REecorps 
During the first weeks of service, engines caused 
some difficulties were encountered since the steam line 
to the engines leaked due to changes of temperature 





1Approximately % to % of a pint per hr. On the basis of 
8,000 drops and 400 grams per pint 1 gram (0.03527 oz.) would 
be equivalent to 20 drops. Thus the consumption would be 0.2 
gr. or about 4 drops per b.hp. hr., the oil in the exhaust steam 
about 0.18 to 0.36 drops per pound and the maximum oil in the 
condensate 0.23 drops per gal. There are 1,000 milligrams in a 
gram, 1,000 grams in a liter of water and 3.785 liters in a 
gallon, so that this last value would be somewhat less than 
1 part per million of oil in the condensate. 


Fig. 1. (Below) and Fig. 2 (Left). Cross sections of the engine and feedpump 


_ Each of one of the two high pressure engines, 9.84 in. bore and 23.62 
in. stroke, drives a 850 kw. generator at 250 r.p.m. and develops 1250 i.h.p. 
Throttle conditions range from 1350 lb., 707 deg. F. to 1490 Ib., 8 
and the back pressure from 85 to 940 lb. abs. The triplex boiler feed pump 
has a special valve arrangement which prevents the 300 to 400 F 
feedwater from coming in contact with the plunger and packing. 
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Fig. 3. Flow diagram showing how the high pressure turbine works 


in with the old to give flexibility 

Process steam requirements at from 100 to 115 lb. normally 
range from 26,000 to 40,000 lb. per hr. in the day time and 13,000 
to 22,000 lb. per hr. at night. Power requirements range from 
1200 to 1600 kw. during the day and from 500 to 900 kw. at 
night. Hydraulic turbines are available to carry peak loads so 
that normally the high pressure boiler operates alone. The old 
225 lb. boilers may be used, however, either in parallel with 
the evaporator as shown or to supply the older 225 lb. engine 
generator sets which operate condensing and are not shown on 
the diagram. The old separate economizers also serve as an 
evaporator feed heater. Oil in the engine exhaust steam is re- 
moved by a baffle plate oil separator followed by a coke filter 
in the feed lines. High pressure makeup about 1 per cent is 
taken from process drain, evaporator makeup, about 25 per 
cent, is treated by a lime-soda softener. Some of the evaporator 
vapor is superheated in a steam to steam superheater. 


when starting and stopping. The same trouble was 
found with the admission valves. The trouble was cured 
by adopting welding instead of flanges and by changing 
the double-beat for a single-beat valve. Occasionally, 
when starting the engines, the spindles of the admis- 
sion valves seized. This was corrected: First by length- 
ening the period of heating; and later by changing 
the shape of the valve spindles. No experience was 
available to show the most suitable types of pistons or 
stuffing boxes, so that several different types were used 
for experimental purposes. The pistons which proved 
best were those with cast-iron rings. After 16 and 19 
mo. service respectively these rings show no sign of 
wear or leakage to speak of. In the case of the stuffing 
boxes, both types used have proved serviceable as one 
of them has already seen over 10,500 hr. in service 
without being inspected or showing signs of leakage. 

The high-pressure plant was put into service in 
January, 1936, and has since then worked day and 
night, except on Sundays and holidays. Up to Novem- 
ber 30, 1937, it had run for more than 13,600 hr., sup- 
plying the whole plant with power and heat. During 
all this time, the plant has completely fulfilled expec- 
tations with regard to reliability of service and to 
economy of operation. An extensive series of tests 
were made, by the Wurttemberg Boiler Inspectors 
Association in January 1937, after the boiler had 
been in service for about 7500 hr. The tests showed 
that the output and efficiency of the boiler and steam 
engines were most favorable. The overall thermal 
efficiency in regular service with a greatly fluctuating 
load was found to average 82.5 per cent during an 
11 hr. trial run, taking into account the losses in 
the steam transformers, intermediate superheaters, 
piping and steam engines. 

In order to investigate the condition inside the 
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boiler tubes, after about 5000 working hr., bends were 
cut out from the superheater at two places where 
deposits were most likely to be found. In one place 
the sample was absolutely clean, while the sample 
from the second place showed but a slight film of oil 
0.1 to 0.2 mm. thick, and considered of no importance. 
The boiler had worked without any coke filter until 
that time. After 13,600 working hr. the tube nests and 
coils showed no change. In the brick-setting, the 
only erosion noticed was on the fire arch. The travel- 
ing stoker proved to be in very satisfactory condition. 


After the plant had been working about 10,000 hr. 
a tube in the superheater burst while the boiler was 
being started, due to the superheater being heated 
up too quickly while working with hand regulation. 
Within 24 hr. the damage was repaired and the boiler 
again in full service. The steam transformers and 
the economizer plant are cleaned internally twice a 
year. The necessity for cleaning the transformers is 
shown by the increased pressure drop between the 
primary and secondary circuits which was designed 
for a maximum of about 21.3 lb. Even when the low- 
pressure boilers which act as heat accumulators not 
connected to the plant, fluctuations of 30 to 40 per 
cent in the load could be taken up with the high- 
pressure plant within 3 to 4 minutes, without any 
appreciable fluctuations in temperature or pressure. 
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Fig. 4. Diagrammatic arrangement of the boiler and combustion 
control 


The boiler is arranged in four sections: A, the economizer; 
B and C, the primary and secondary evaporating coils; and D, 
the superheater. The evaporator drains to the receiver p where 
it is picked up by the centrifugal booster q and delivered to the 
triplex feed pump a under Somties pressure for delivery to the 
boiler. About 95 per cent of the feedwater is evaporated in the 
primary section B, preceding separator c in which the concen- 
tration is regulated by a continuous blowdown e. Drain g con- 
trolled by the intermediate thermostat d takes care momentarily 
of excessive feedwater. Control is automatic by oil operated 
servomotors actuated by the two thermostats d and h. Steam 
temperature at the entrance to the superheater is taken as an 
approximate measure of combustion requirements and thermo- 
stat d regulates the forced draft through f and thus indirectly 
through other equipment the fuel feed and induced draft. d also 
regulates the feed pump speed, ,the feed water flow through b 
and drain valve g. Final superheat temperature is controlled 
by thermostat h, which through i regulates a spray of boiler 
feed water injected at the superheater entrance. h also pro- 
tects the engines n against excessive temperatures through 
valves k and m and in parallel with pressure regulator 1. 
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Some phases of the economic problem in- 
volved in sulphur removal are discussed 
here to clarify possible confusion of state- 
ments in previous articles. 


Removal of Sulphur 
from Flue Gases 


By A. W. ANTHONY, Jr. 
President, Pease, Anthony Equipment Co. 


OME of the problems of SO, removal from boiler 
flue gases by scrubbing were well outlined in 
Dr. Kleinschmidt’s article in the June issue, and 
Dr. Johnstone’s letter in the August issue has added 
much to the general information on the subject. 
Further clarification seems desirable on the important 
point of ‘‘net profit’’ to the operator. 

The question is not one to be approached strictly 
from a manufacturing standpoint, because the prin- 
cipal and (hitherto the only) objective in flue gas 
cleaning has been the elimination of nuisances to the 
public. Smoke, cinders, fly ash, and SO, are such 
nuisances, differing in degree. Heavy smoke need not 
be produced, and it will not be considered. Cinders 
and fly ash, however, are tangible, and much has been 
done to prevent their discharge; in urban areas, at 
least, new or revamped boiler plants are usually 
equipped with solids-arresting apparatus, as a matter 
of course, without expectation of ‘‘net profit,’’ solely 
to be ‘‘good neighbors.’’ SO,, not obvious to the eye, 
has been accepted as a necessary evil until rather 
recently, it being considered tolerable in most locali- 
ties but not in othérs, depending on the sulfur content 
of the fuels and the character of the contiguous areas. 
If, however, both SO, and solids can be removed 
simultaneously in a single piece of apparatus, it would 
seem logical to consider doing the whole job of flue 
gas cleaning rather than the half job of merely re- 
moving solids; especially so if sale of by-product 
thereby becomes important. 

Both authors mentioned recent practice in Eng- 
land, where virtually complete suppression of solids 
and noxious gas discharge has been required, and 
Dr. Johnstone touched upon some features of opera- 
tion, practical as well as economic. He also men- 
tioned studies in this country wherein recovery of 
sulfur values was the goal, and stated, ‘‘In no case 
has the final cost estimate been low enough to show 
a profit for producing sulfur in competition with 
natural brimstone.’’ In setting up the cost aspects 
of such an operation, it is important that the objec- 
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tives be clearly defined. Under the proposed condi- 
tions, there will be at least two: 

1. Recovery of by-products, and 

2. Elimination of objectionable nuisances. 

From the viewpoint of accountancy, anything less 
than some equitable division of both capital charges 
and operating expenses, as between the two major 
objectives and possibly as between the several 
nuisances, would be indefensible. 

Where flue gases are scrubbed well enough for 
satisfactory solids removal, absorption of sulfur com- 
pounds can be accomplished simultaneously. Then, 
in order to allocate fairly the costs of sulfur recovered, 
proportions of the fixed charges on the scrubbing 
apparatus should be charged to nuisance elimination, 
and a proportion to SO, recovery. The writer does 
not attempt to proportion these fixed charges, but 
calls attention to the importance of properly pro- 
rating them as sound procedure in arriving at true 
costs. 

Decided advantages appear when it is proposed fo 
eliminate SO, and solids simultaneously by scrubbing, 
which should markedly reduce both capital costs and 
operating expenses. For instance, scrubbers of the 
writer’s design have been effective in removing solids 
from boiler flue gases since 1930. The acid char- 
acter of the gases, however, required protective meas- 
ures which increased the first cost and also the mainte- 
nance expense. As Dr. Kleinschmidt pointed out, 
these costs could be decreased by the recirculation of 
alkaline scrubbing solutions, because then the 
serubber-shell, piping, settling, cones, ete., could be 
made from unprotected steel; in fact, maintenance of 
protective coatings (as at present) probably would 
be negligible, while an item of perhaps greater im- 
portance would be the increased availability of the 
boiler because of absence of the need to protect. The 
expectation of these benefits is logical, for in the ideal 
SO, recovery method an alkaline solution would be 
recirculated, into which the acid gases would be ab- 
sorbed within the scrubber ; the solids would be settled 
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out, the solution regenerated outside the scrubber, 
with the acid gases liberated under control, and the 


solution recycled with little loss. It will be seen, 
therefore, that the combination of a suitable scrubber 
with an alkaline SO, recovery method should be an 
important step towards solution of the whole problem 
of atmospheric pollution from flue gases. To the 
chemical problems involved, numerous investigators 
are seeking the answers. 

With further reference to the economic side, 
studies made by the writer and associates indicate 
good possibilities for moderate profit or at least a 
‘*break even’’ basis, with the low sulfur coals burned 
on the Atlantic Seaboard, provided the fixed charges 
are apportioned rationally. It seems reasonable that 
the size and hence cost of the flue gas scrubber will 
vary with the rated quantity of coal burned, but that 
the size and cost of the SO, recovery apparatus will 
vary probably with the quantity of SO, recovered. 
Making some extrapolations which appear not un- 
reasonable, the conclusion is reached that ultimately 
the annual cost of scrubbing equipment to do the 
‘‘complete job,’’ meanwhile producing by-product 
commercial SO,, would be approximately the same as 
acid-proofed scrubbers removing solids only, without 
SO, recovery. The advantages may be summarized: 

a—Credit for sale of SO,. 

b—Virtually complete elimination of need for 

maintenance of protection against corrosion. 
e—Minimum boiler outage chargeable to main- 
tenance of scrubbers. 

d—Smaller induced draft fans and less power to 

drive them, because gases are handled at lower 
temperatures. 

e—No erosion of induced draft fan wheels. 

f{—Improved ‘‘public relations,’’ if the public is 

advised of the new methods being installed. 

There are of course disadvantages: 

a—The price for SO, is not fixed and definite, and 

it will fluctuate with supply and demand, but it 
probably will not depart far from the price of 
the contained sulfur. 

b—Power plant men must know more chemistry. 

e—There will be duplication, if solids eliminators 

are already installed. 

d—Fears have been expressed regarding the 

‘*nlume’’ or mist cloud which appears in cool 
weather at the tops of stacks discharging 
scrubbed gases. The writer knows of no in- 
stance of complaint because of ‘‘acid rain,’’ 
real or fancied, from mist plumes of the original 
installation. If operating alkaline, neither 
would there be an alkaline rain. 

In summary, therefore, if public interest is justi- 
fied in requiring the elimination of cinders and fly 
ash from power plant stacks, there is even more justi- 
fication for requiring the elimination of SO,, because 
probably the complete job can be done ultimately at 
little or no net cost over and above the cost of effec- 
tive solids removal. If, however, SO, recovery is 
expected to show a profit after both paying its own 
way and meeting the entire cost on the admittedly 
expensive elimination of the fly ash nuisance, then 
the outlook for general acceptance is not favorable. 
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For a Bad Bend 


TRAIGHTENING of a turbine spindle is by no 
means a rare job, but it is one demanding care 

and experience. The method is illustrated by the case 
of a 750-kw. reaction turbine, which crippled by a 
bent spindle, was quickly returned to dependable 
operation as soon as deflection in the spindle had been 
overcome by applications of heat. 

The affected turbine, needed suddenly after sev- 
eral years of idleness, was warmed up by steam with 
the rotor not turning. Consequently the spindle was 
heated unevenly, a temporary bow developed, and, 
when sufficient steam to turn the rotor was finally 
admitted, the spindle ran eccentrically. Distortion, 
at first slight, was increased by friction until at half 
speed, vibration became severe. Inspection showed 
that some of the blading had been stripped and a per- 
manent set had developed in the spindle. 

As first steps in repair, the damaged blading was 
removed and the spindle replaced in its bearings, the 
point of maximum deflection being determined by 
slowly revolving the spindle and applying a dial 
indicator. Deflection was 1514 mils. 











This illustration, with the spindle distortion greatly exaggerated, shows 
where the heat was applied at A by means of oxy-acetylene torches 


The high side of the spindle was turned to the top, 
a dial indicator fastened to the turbine casing so as 
to register readings at the low side of the spindle, 
and the indicator set at zero. As shown in the accom- 
panying illustration, heat was then applied at A on 
the high side of the spindle by means of two oxy- 
acetylene blowpipes. An asbestos ring was placed 
around: the point that was to be heated, so that a quick 
heat: could be obtained at that location. 

As soon as heat was applied at the top, that side 
of the-spindle began to expand and to rise so that 
the bow in the spindle was even greater than before 
the heat was applied. The spindle was then allowed 
to cool and the amount of correction, as shown on the 
indicator, was noted. The correction was made in a 
series of small steps, sixteen cycles of alternate heat- 
ing and cooling being required to complete the opera- 
tion. 

For the various heats, the flames were applied for 
periods ranging from 20 to 90 sec. with a reduction 
in the bow of the spindle of from 2 to 6 mils for each 
heat. After the final heat, the maximum eccentricity 
was only 34 mil and all points along the spindle were 
true to within less than 4% mil. When the new blading 
had been installed, the unit was reassembled and 
placed in successful operation. Since then, no further 
vibration has occurred. 
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Readers Conference 





These pages are open to readers for the pres- 
entation or discussion of any timely power plant 


topic. 


The Editors invite your participation. 





Safety Valves and Second Hand Boilers 


Sarety Valve discharge requirements for oil or 
gas fired boilers have been considerably increased by 
the latest A. S. M. E. Rules. The necessary dis- 
charge capacity in pounds per hour is based on the 
heating surface of the boiler, but the allowable dis- 
charge capacity for a given size of opening, to which 
the safety valves are attached, is based on the allow- 
able working pressure of the boiler, the higher the 
pressure the more the relieving capacity for a given 
size opening. Although some safety valves are 
guaranteed for an unusually high relieving capacity 
the allowable capacity is nevertheless limited by Table 
P-16 A. S. M. E. Code for Power Boilers, 1937 Edition. 

It will be found that some boilers which were 
manufactured under previous rules will have insuffi- 
cient openings to accommodate the necessary safety 
valve connections. As long as such boilers remain in 
their present setting the new rules do not usually 
apply unless the burners will obviously generate more 
steam than the safety valves will discharge. How- 
ever, in most cases, where both ownerships and loca- 
tions of boilers change, i.e., second hand installations, 
‘the rules for fittings and appliances for new installa- 
tions must apply. Furthermore, second hand boilers 
are often penalized as to allowable working pressure, 
and this further reduces the allowable discharge 
capacity for the safety valve outlet. 

From this it can be seen that those buying and/or 
selling second-hand boilers, should familiarize them- 
selves with regulations pertaining to their particular 
locality or solicit the advice of a municipal, state, or 
insurance inspector and determine if boilers will 
require additional openings. If boilers are purchased 
from the yard of a second-hand dealer it is, of course, 
less expensive to provide the necessary openings while 
the boilers are still at the shop rather than after 
installation. 

An additional safety valve may also be installed 
on the main steam line, but the size permitted is 
limited to one-third the cross-sectional area of the 
main to which it is connected. It is obviously de- 
sirable to limit the capacity of a safety valve installed 
on the steam main. If the capacity of such a valve is 
large, at each popping of the valve, water may be drawn 
into the main, possibly injuring machines or affecting 
process. Where additional openings are required it 
is best to provide such openings as will permit com- 
pliance with the more desirable rule, namely that 
safety valves should be ‘‘connected to the boiler inde- 
pendent of any other steam connection.’’ 

These openings, when exceeding the diameters 
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shown in Fig. P-40, A. S. M. E. Code, should be re- 
inforced in accordance with Par. P-268 of the Code, 
whereof the advice of the inspector or a reputable 
boiler maker should be solicited. There are some 
reinforcing nozzles manufactured which are guaran- 
teed to meet the requirements of the paragraph re- 
ferred too. If these are installed according to direc- 
tions on the size of opening for which they are 
designed they will not weaken the boiler shell or 
drum and will consequently meet with the approval 
of the inspector. 


Dallas, Texas. C. F. May. 


Steam Engine Governors 


IN THE READER’S CONFERENCE of June issue there 
appeared a question from the Massachusetts License 
Examination answered by Zenas Allen. The question is: 

‘*You have two American Ball angle compound 
engines, driving direct current generating units. 
When connected in parallel and without load, each 
engine runs at 300 r.p.m. When the load is thrown 
on, one engine speeds up to 306 r.p.m. and the other 
slows down to 294 r.p.m. What is wrong and how 
would you remedy the trouble?”’ 

He gives as his opinion that the engine which 
picks up speed under load has a defective governor. 
I do not believe that this is the cause, as it is quite 
possible to have an inertia centrifugal governor in 
perfect mechanical condition increase its speed when 
the load comes on. The difference in the character- 
istics of the two engines is most likely due to the ad- 
justment of the governors. 

An inertia centrifugal governor can be made to 
run faster under full load than under no load, because 
its action is entirely different from a purely centrif- 
ugal governor in which there is a very definite posi- 
tion of the governing mechanism for each engine 










DIRECTION OF 
Arrangement of the gov- ee 
ernor as used on the 
American-Ball engine. 
Two springs are used to 
counteract the effect of 
centrifugal force. Tight- 
ening spring B and slack- 
ing spring A makes the 
governor more sensitive. 
Tightening both at once, 
as can be done by nut 
C increases the speed 
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speed. In a perfect inertia governor the governing 
unit would move through its entire range while the 
r.p.m. would remain constant. 

In practice it is not possible to build a governor 
which is frictionless with all forces acting upon it in 
perfect balance through its entire range. This results 
in a slight fluctuation in the speed, which can be con- 
trolled to increase or decrease as the load comes on. 
If it is desired to have the engine speed up under load 
it ean be done by increasing the force which tends to 
speed up the engine, or, weaken the force which tends 
to slow down the engine as the governor moves to the 
full load position. As the spring of the governor 
tends to lengthen the cutoff and the centrifugal force 
of the weight in the inertia bar tends to shorten the 
cutoff, this law may be stated: ‘‘If the weight in the 
inertia bar and the tension of the spring are so ad- 
justed that the centrifugal force increases faster than 
the tension of the spring, the engine will speed up 
under load.’’ 

In the problem with a governor as illustrated, the 
remedy for the different characteristics, if it were 
decided to have both engines operate at reduced 
speed when under full load, would be: Lighten weight 
in the inertia bar and reset springs for proper speed 
in the engine running 306 r.p.m. at full load. The 
difference in speed at various loads can be held to two 
or three r.p.m by changing the relative tension of 
the two springs. Within limits, slacking radial spring 
A and tightening spring B reduces the drop in speed 
under load. The weight to be removed would be a 
matter of experiment, making only small changes at 
a time. 

The engine running 294 r.p.m. could be synchro- 
nized at different loads by the adjusting springs as 
stated above. 

To make both engines increase speed under load 
it would be necessary to add weight to the engine 
running slow and synchronize by adjusting the 
springs of both engines. 


Philadelphia, Pa. ALBERT NOLLER. 


Licensed Operating Engineers 


IN RESPONSE to E. Dablemont’s article on the value 
of licensing operating engineers, I must state that he 
is quite mistaken in referring to a license as a mere 
serap of paper. After all it is a certificate of qualifica- 
tion and it indicates that a person is qualified to 
operate power plants. 

It is my belief that all power engineers should be 
licensed by the Federal government as are marine 
engineers. The examination should be based on engi- 
neering principles such as chemistry, physics, mathe- 
matics, ete., in an elementary way such as is covered 
in high schools. I always wonder how a person can 
call himself an engineer when he is ignorant of all 
engineering principles. 

The examination could be divided into a written 
theory part and a practical part which would be given 
in a laboratory on standard power plant equipment. 

All examinations ean cover the power plant field 
in a general way. It is unreasonable to have an 
examination cover a certain specific make or type of 
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apparatus, and it is practically impossible for a person 
to have operating experience on all the different makes 
of equipment. Therefore the examiner can ask only 
general power plant questions which to some people 
seem to be disconnected and unrelated. Although I 
can’t see it that way, because all the questions deal 
with power plant equipment and the questions must 
cover as much of the power plant as possible. 

Because many states do not require licensed oper- 
ating engineers and others have weak license laws 
many operators of power plants look at licenses with 
contempt, not realizing that a strong uniform license 
law can only benefit them by keeping out unqualified 
men. 


South Vineland, N. J. TARQUIN DE Rosa. 


Common Operating Faults 


MANY OPERATING engineers have quite erroneous 
ideas which cause them to be inefficient in their work 
and tend to make operating and maintenance costs 
higher. Let us take some examples. 

It is quite unnecessary to have pump glands drip- 
ping water which comes either from the lantern seal 
or direct from the casing. Even though the maker 
provides a drain opening in the gland wells, this is 
not a direct indication that the glands must drip. 
Provided the pump holds a good suction, delivers well 
and runs with fairly cool glands, it is quite all right 
if the amount of drip water along the shaft is nil. 

Some time ago the writer repacked a large circu- 
lating pump, ran it for a day and then, as it was all 
right, shut it down until needed. A few weeks later 
he found the glands literally spouting water. He 
nipped up on them, but for several days he came in to 
find the same condition. Then, one day, he happened 
to be on the spot when this pump was started up by 
the engineer. This man got it running, inspected the 
oil rings and then got a wrench and loosened the 
gland nuts until the water started to flow. All this 
happened within a minute of starting. Asked why he 
did this he replied, ‘‘To keep the glands from getting 
hot.’’ No explanation could convince him of his error, 
but, fortunately, the writer was in a position to give 
him direct orders to leave the glands alone. He did 
this, but it was greatly against the grain. 

Another common error is the practice of throttling 
gate valves. Throttling should never be allowed with 
this type of valve and the error is aggravated when 
superheated steam is the medium. The whole idea 
and design of gate valves is to give a full, unrestricted 
flow and, if the service requires throttling, another’ 
type of valve should be used. Once the faces of gate 
valves become scored through wiredrawing it is not by 
any means a simple matter to repair them. 

When dealing with brushes and brush holders of 
electric motors it is desirable to put the holder as close 
to the commutator as possible to allow getting the full 
length of service from the brushes. When, as is often 
seen, the holder is set some distance away, the brushes 
have to be discarded when they are still quite long 
and this replacement cost, when multiplied, adds up 
to a considerable amount. 

Another case of sheer, careless operation was wit- 
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nessed recently. It was found that the zeolite tanks 
were not giving good service. After regeneration 
they were not delivering anything near the number 
of gallons before requiring another regeneration. The 
brine solution was up to strength and the beds were 
good. The solution was simple but reflected little 
credit upon the intelligence of the men concerned. 
Each shift had got into the habit of backwashing the 
zeolites directly after coming on duty. Even though 
the zeolite had been put in service barely an hour 
before, it got backwashed nevertheless. Naturally, 
this was not allowing the bed to get settled and water 
got through before the calcium and magnesium could 
be eliminated. When orders were given that back- 
washing should be done only after the zeolites had 
shown signs of hardness all the trouble disappeared. 
Just a little thought on the part of the operators and 
a little more supervision would have eliminated any 
trouble at all. 

One other instance comes to mind. The boilers 
were of the water tube type, three wet drums, a dry 
drum and a superheater drum. The gage glasses were 
of the flat type with mica sheets facing the glasses on 
the water side. The cost of renewal is quite an item 
and the mica has a tendency to get cloudy, which 
renders the level difficult to see after a time and the 
glass has to be taken down and opened up for clean- 
ing. The steam temperature was 450 deg. F. wet and 
600 deg. F. when superheated. It was suggested to 
the engineers that an ordinary round glass would 
serve the purpose just as well as the flat type and 
save money, as they are quite satisfactory up to 500 lb. 
pressure and 500 deg. F. The engineers replied that, 
as their temperature was 600 deg. F., this type of glass 
would not hold. Up to the time of writing it has been 
quite impossible to convince them that, as the gage 
connections are from the wet drum where the tem- 
perature is 450 deg. F., this objection is quite invalid. 
All they can see is that the chart shows 600 deg. F., so 
they continue to give themselves work and cause their 
costs to rise by using the other type of glass. 


Passaic, N. J. Mark BELL. 


Carryover Indicator 


BoILER WATER carryover is always objectionable, its 
results, the cause and prevention are well known, and 
since its presence is not always apparent to the operator 
until trouble has developed, some advance indication 
is desirable. To accomplish this result, a handy and 
easily made indicator was installed in one plant where 
boiler water conditions must be closely watched to 
preclude any chances of carryover. With some varia- 
tions it should make an indispensible instrument in 
every plant where carryover possibilities exist. 

Figure 1 shows how this indicator was made up. 
A continuous sample of steam is taken from the boiler 
lead through a fixed orifice and discharges into an 
expansion chamber and cooling coil. The condensate 
flows through copper tubing to the ‘‘indicator’’ which 
is located on the boiler front in such a position that it 
is visible to the operator at all times. Figure 2 shows 
the ‘‘indicator’’, which is a plain cylinder about 2 
in. in diameter and 10 in. high, in the bottom of which 
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Fig. 1. Carryover indicator 


Fig. 2. Detail of indicating element 
Fig. 3. Indicating element finally adopted 


is a fixed orifice which allows a continuous discharge 
of condensate. When the flow of condensate increases 
due to moisture in the steam, the excess will overflow 
through the opening or spout on the side, thus draw- 
ing the operator’s attention and he can take the neces- 
sary corrective steps. 

In order to determine the dimensions of the indi- 
eator and the location of the overflow spout, the con- 
densate was measured, and with 150 lb. boiler pres- 
sure and using a }%-in. orifice it amounted to approxi- 
mately 0.8 qt. per min. A few experiments with some 
tin cans having various sizes of discharge orifices 
showed that with a 1%-in. orifice in the bottom of the 
indicator and with a discharge of 0.8 qt. per min. the 
water level would stand at 7.5 in. The overflow was 
then located 14-in. above the normal water level. 

Since this device indicates only the presence of 
moisture above a certain fixed amount and it was de- 
sired to have some quantitative measurement of the 
steam quality, the relation between moisture content 
in the steam and the height of water in the indicator 
was investigated. 

The flow of steam through an orifice is in accord- 
ance with Napier’s formula when 


AXP 
70 Va 
where a is the quality of the steam, the flow will vary as 
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Va 
with constant steam pressure. The values of Q for 
various values of a were tabulated. The flow of water 
through an orifice follows the formula Q = 0.61 
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QUALITY OF STEAM 


Fig. 4. Relation between height of water in indicator and quality 
of steam 


A V2gh, or Q varies as \/h. Values of h for various 
values of Q were then tabulated. 

With the above information the curve, Fig. 4, was 
drawn, showing the relation between height of water 
in indicator to quality of steam. 

The indicator shown in Fig. 3 was then substituted 
for the original one. In this indicator a float actuates 
a pointer which indicates on a suitably divided scale 
the quality of the steam. With very little extra expense, 
light or bell alarms and a continuous recorder could 
be incorporated in this indicator. 

Stainless steel or other material highly resistant to 
erosion, should be used to make the orifice plate in the 
steam line, and the expansion chamber, coil and indi- 
eator should be made of non-ferrous metal. The orifice 
in the steam line should be renewed when flow indica- 
tions denote wear. The accuracy of this indicator can 
always be checked by titrating a sample of condensate 
and comparing this with a sample of boiler water. 

Since the flow of condensate is directly propor- 
tional to the steam pressure, it is apparent that this 
indicator can only be used where the pressure is held 
constant: 


Rochester, N. Y. Jutius Bropsky. 


Boiler Develops Static Electricity 


SoME PEOPLE may not be aware that a boiler is cap- 
able under conditions of putting out static electricity. 

A fireman I once had learned accidently that when 
he hung his poker up over the edge of the setting and 
the safety valve would pop off against the end of the 
poker it would heavily charge the poker with static 
electricity. Being something of a wag, he would wait 
till some loafer was standing around and just after the 
boiler would pop he would ask him to kindly hand him 
the poker. It would almost knock the man down who 
touched it. Of course this static will not ‘‘stay put’’. 
After it is generated it will escape in a few minutes. 
Now note the following: 

I was operating an electric light plant in an Ohio 
city located on the C. H. & D. Ry. One night I was 
ealled out of bed at 1 a.m. by the conductor of a local 
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freight that had just pulled in saying that his fireman 
had just been knocked down on the tender of the 
engine by getting up to and touching the spout of the 
water tank where they were taking water, and we hav- 
ing the only plant in town furnishing electricity it 
must be coming from our mains. I got our lineman 
out of bed and sent him to investigate and he returned 
saying we had no mains within a square of the tank 
and moreover there were no other wires anywhere near 
the tank. 

The next morning the engineer of the train stopped 
into our office to make complaint. I asked him if at 
first he did not stop a little short of the correct 
position to take water and the safety valves popped 
violently against the spout. Then he backed up to 
take the slack of the train and pulled up a little farther 
to get the tender under the spout and then the fireman 
got up and touched the spout and was knocked down 
onto the coal pile. In other words they had themselves 
made the electricity that gave the fireman such a scare. 
It was a very cold night, below zero weather, when it 
happened and the conditions were thus favorable to the 
storage of static. 


Logansport, Ind. C. C. Custer 


An Unusual Belt Drive 


As EVERY engineer knows, vertical belt drives are 
usually more troublesome than are horizontal drives, 
especially when the belt becomes loose. Yet in this photo- 
graph taken in a plant in England is shown a belt that 
was made loose purposely to give it the greater are of 
contact which is plainly shown. 

But that isn’t all. In addition this belt is crossed 
in an unusual way, the claim being made that at the 
point of crossing the sides facing each other do not 





Vertical, crossed and slack belt drive 


POWER PLANT ENGINEERING 





-— Tg ¢ i 


I aE Se Oe 











grind. In other words, the faces do not rub against 
each other destructively as sometimes occurs in ordinary 
crossed drives whether vertical or horizontal. 

All of these things are possible here because of the 
ideal pliability and sliplessness of the belt. Obviously, 
if the belt should slip the conditions as shown could 
not be maintained. Close examination of the photograph 
shows that the picture was taken while the flywheel 
and belt were in motion, the spokes being invisible, the 
belt being slightly blurred, and the pulling side of the 
belt is straight and therefore loaded. 

The belt is 614 in. wide and is made of leather. The 
driver pulley is 2 ft. 11 in. in diameter, runs 60 r.p.m., 
and the driven pulley is 2 ft. 3 in. in diameter. The 
distance between shaft centers is 12 ft. 1 in. The slack 
side of the belt operates with a slackness of 16 in. As 
will be noted, this drive is not perfectly vertical, but 
is nearly so. 

Newark, N. J. 


Opposed to Waste, But— 


THE CONTRIBUTION of W. F. Schaphorst in your 
October issue, describes a very interesting hook-up for 
the utilization of exhaust steam, which I am sure, could 
often be used to advantage, but it is in his concluding 
remarks that I find myself particularly interested. 

Like Mr. Schaphorst, I am instinctively averse to 
waste in any form, though I am sometimes hard put 
to it to justify my attitude. I suppose that there is 
some kind of a religious element in it. The wholesale 
slaughter of little pigs, and the deliberate destruction 
of growing crops, for no other purpose than that of 
curtailing supply, strikes me as having something 
morally wrong about it, though I do not for a moment 
suppose that it will have any deleterious effect upon 
posterity, neither do I suppose that future generations 
will greatly suffer through the depletion of our fuel 
supply, indeed, I think that it is entirely possible that 
they may derive great practical benefit from it. Waste 
may not be the crime that we generally assume it to be. 

Nature herself seems to offer a striking example 
of prodigious destruction and waste, though of course, 
the egocentricity of our viewpoint may invalidate our 
conclusions, perhaps the universe was not created 
for the benefit of man alone, I feel quite sure that my 
dog is convinced that it was created for his benefit, 
but then of course, we may both be mistaken. 

As a matter of fact, we exist in a limitless ocean 
of energy, but so far, we have only discovered means 
by which we may avail ourselves of a very minute 
fraction of it, and in practice, we are deprived of the 
use of all but a small part of that fraction by the 
restrictions of a more or less, artificially created 
economic necessity. 

* All our engineering problems, and all our indus- 
trial ventures, appear to be conditioned by the neces- 
sity of finding a satisfactory answer to the question 
‘*Will it pay?’’ not in terms of human welfare, but 
in dollars and cents. 

As a matter of fact, the production of heat and 
power through the agency of fuel, is very primitive 
and has many inherent disadvantages. The mining 
of coal, while affording a livelihood to many people, 
is not conducive to a standard of existence which our 


W. F. ScuHapHorst. 
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modern scientific advances might reasonably be ex- 
pected to place within the reach of all. Its handling 
and transportation over long distances are cumber- 
some and expensive processes, and when we get the 
fuel to the boiler house, we create destructive tem- 
peratures of two thousand degrees or more in order 
to generate steam at often less than one-fifth of that 
temperature, and in doing this, we fill the atmosphere 
with dust and gas and make a hideous mess around 
the place generally. 

Cannot our scientific attainments provide some- 
thing better than this? Yes, of course they can, only 
in most cases they cannot provide a satisfactory 
answer to the question, ‘‘ Will it pay?’’ 

The experiment at Passamaquoddy was perfectly 
good engineering, but astonishingly bad economics, 
that is, when judged by current economic standards. 
Experiments have been made in connection with the 
production of power by means of the temperature 
differences existing at different depths in the ocean, 
which indicate the possibilty though not the economy 
of it. In the direct rays of the sun there are limitless 
sources of energy, to say nothing of our water falls 
and the power of the wind, as well as numberless other 
potential sources both known and unknown. 

Unless we halt in the onward march of our scien- 
tific knowledge, when the necessity arises, we shall 
avail ourselves of many of these sources of energy, so 
we need not waste our time in fearful contemplation 
of the disasters which will overtake the human race 
when the supply of fuel gives out. 

Man has always advanced through the irresistible 
urge of necessity, and may reasonably expect that 
long before our welfare is jeopardized by the scarcity 
of fuel, a beneficent necessity will have forced us into 
a situation where we may dwell contentedly in a 
purer atmosphere, under a brighter sky, where the 
clinkers cease from troubling and the ashes fly no 
more. 


Bloomfield, N. J. JAMEs O. G. GIBBONS. 


Furnace Explosions 


I READ with interest S. H. Coleman’s article on fur- 
nace explosions. To my knowledge many of these 
explosions have been due to furnaces having stood 
for long periods with the dampers closed or almost 
closed. With the usual form of vertical slide damper, 
this leaves a space between the roof of the flue and 
the top of the damper which is unventilated even if 
the damper is not completely closed. This leaves a 
space in which combustible gases can collect. To 
prevent. this a hole should be drilled in the damper top 
about one inch in diameter so that it becomes un- 
covered when the damper is nearly closed. This will 
permit some of the gases to escape which would other- 
wise be confined. To wholly prevent this trouble it 
is necessary to use swivel dampers which open side- 
ways and equally for the whole height and therefore 
prevent this dead space. With the usual vertical 
slide damper there is always a dead space except when 
fully open, but this only becomes serious after long 
standby periods. 


London, England. W. E. Warner. 
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Information that you desire about any equip- 
ment will be gladly furnished without obligation. 
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Bevel Gear 


THE NEW UNIVERSAL bevel gear, made 
by the Condenser Service and Engineer- 
ing Co., Inc. Hoboken, N. J., may be 
used at any angle over a range of 135 
deg. and operates at an efficiency of ap- 
proximately 95 per cent. The guard and 





housing are made of cast steel and the 
gears of solid steel. Assembly is quick 
and simple, necessitating no lining up of 
shafting as it definitely accommodates 
itself to any position within the angle of 
transmission. Gears mesh accurately 
with no adjustment between 45 and 180 
deg. 


Continuous Voltage Control 
for Polyphase AC Power 


ILLUSTRATED is a continuously vari- 
able polyphase reactor which develops a 
drop of 300 v. at 50 amp. per coil. 

This device should be generally use- 
ful in industry when it is necessary to 
have a smooth, continuous control of 
polyphase power. ; 

Standard parts are available for a 
number of sizes and the manufacturer 
will be pleased to extend engineering and 
production facilities in applying this re- 
actor to electrical machinery, furnaces, 
and testing equipment. 





By a careful study of mechanical 
resonance and the use of biasing springs, 
vibration has been reduced so that there 
is no objectionable noise. 

A number of the units shown have 
been used for the past six years to vary 
the anode potential when exhausting 
large rectifier tubes having outputs up to 
300 amperes. 

Raytheon Reactors are custom built 
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to meet given voltage and power require- 
ments and more information may be ob- 
tained by writing Raytheon Mfg. Co., 
168 Willow St., Waltham, Mass., stating 
the supply line voltage, frequency and 
number of phases, also the amount of 
power to be handled and the voltage con- 
trol range. 


Boiler Analyzer 


Tus boiler analyzer made by the 
Crew Engineering Equipment Co., Inc., 
101 Park Ave., New York, N. Y., util- 
izes nitrogen gas for indication of stack 
temperatures. The breeching bulb is of 
ample length, 17.5 in., to give accurate 
and average readings through the breech- 
ing. The model B analyzer, which is il- 
lustrated, is to be used in oil fired or nat- 
ural draft coal fired- boilers. In stokers 
and forced draft firing the model A 
analyzer is used. 

The model B analyzer indicates fan 
pressure, or rather air pressure below 
the grate, furnace draft, which should 
be taken above the fuel bed and flue gas 
temperature. These three indications 
may be assumed to give a complete 
analysis of the efficiency with which a 
stoker fired boiler is operating. 





The model A analyzer is furnished 
with two draft gages and flue gas tem- 
perature indicator. In use, one draft 
gage should be connected at the last pass 
and one connected at the furnace, and the 
temperature bulb should be installed at 
the uptake. In this manner, an operator 
may instantly know the draft loss of the 
boiler. 

In using the analyzer the boiler oper- 
ator secures efficiency by working from 
flue gas temperature. Ideal tempera- 
tures for any pressure are, of course, 
known and when temperature of gases 
leaving the boiler are not correct, the 
other dials on the analyzer will instantly 
show why they are not correct. By ad- 
justing controlling mechanism to a point 
to give proper furnace draft and proper 
draft loss and proper air pressure, the 
temperature of gases can be brought to 
a point of maximum efficiency. When 
this is done, high CO2 may be assumed. 


"Packaged" Motor Drive 


A DEVELOPMENT which simplifies wir- 
ing and installation, and reduces floor 
space required for direct-connected syn- 
chronous motor drives for larger re- 
ciprocating compressors such as used 
for refrigeration in air conditioning, is 
announced by Electric Machinery Mfg. 
Co., Minneapolis, Minn. 





The field-control equipment for the 
synchronous motor, as well as the ex- 
citer, is now mounted on top of the 
motor. The synchronous motor can 
thus now be shipped with all wiring 
completed between the motor, exciter, 
and field control. The only wiring re- 
quired on the job is between the syn- 
chronous motor and a line control 
switch, which can be of a wall-mounted 
full voltage or compensator type. 


Portable Hand Lamp 


InpUSTRIAL Propucts Co., 703 W. Som- 
erset St., Philadelphia, Pa., announces its 
new insulated portable hand lamp which 
takes standard or mill type lamps up to 
60 watt. The lamp guard is constructed 
of a molded dielectric composition in a 

















new design. It is sturdy, highly water- 
proof and heat resistant. This cylin- 
drical open end guard with rugged end 
members supported by round composi- 
tion dowels is high in non-conductive 
properties and resistance to moisture. 
The dowel rods do not obstruct light 
nor cast shadows. 
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GUARDED... 


hy Eduard Stop 


F you want to stop flow in a 
pipe, no valve equals a globe 
—or angle - stop valve in efficacy. 
It can cope with high temperatures 
and high pressures. It is first 
choice for throttling. And if leaks 
should develop—due to stray 
foreign matter, abuse, erosion, 
corrosion, improper service or old 
age—repairs may be made more 
cheaply and quickly than with 
other types of valves. 

Built into Edward globe and 
angle stop valves are the results 
of three decades of intensive study 
of such vexing problems as are 
related to non-return, blow-off, and 
boiler feedline stop-check valves 
in which Edward has always 
specialized. Internal contours 
promote free flow without undue 
turbulence and cross currents. 
Carefully selected, painstakingly 


Values 


tested, and accurately machined 
materials prolong life. Keen in- 
spection is maintained to catch 
mistakes. Design details are fre- 
quently revised to keep pace with 
new developments. Disks are 
positively guided by integral body 
ribs, self scouring, non-clogging, 
and assuring accurate seating. 


For ease of operation, the 
Edward Impactor handwheels 
shown on the 6 in. 900 lb valves 
(above), or the super size knobbed 
handwheels on the forged steel 
valve (left) make friends with 
operators, save time and money, 
and improve plant appearance. 


EDWARD 
VALVES 
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Pressure Controller 


THE Brown INstTRUMENT Co., 4508 
Wayne Ave., Philadelphia, Pa., announces 
the development of their Air-o-Line Fur- 
nace Pressure Controller, which is adap- 
table to installation on all types of fur- 
naces, stills, kilns, ovens and other similar 
equipment where very low differential 
or static pressure must be maintained. 





Long past its pioneering stage, this in- 
strument is applicable for controlling 
any pressure in the range from —5.0 in. 
H2O to +5.0 in. H2O. The controller 
is a sensitive, inverted-bell type draft 
indicator combined with the Brown Air- 
o-line control unit. Automatic reset and 
fully adjustable throttling range prevents 
the furnace pressure from lining out at 
some point other than the control point 
and eliminates over-correcting and cy- 
cling. 


Automatic Voltage 
Stabilizer 


A RayTHEON Voltage Regulator per- 
manently corrects the varying voltage 
conditions that are generally encountered 
and provides the constant AC voltage 
so essential for the effective operation 
of many electrical devices. Since the 
regulator will stabilize at any load with- 
in rating, it may be used as an accessory 
to devices already installed. 

A typical Raytheon Voltage Regulator 
stabilizes an AC voltage that may be 
varying from 95 to 130 volts and holds 
it constant at 115 volts plus or minus 
1 per cent automatically and instan- 
taneously. It is a magnetic device with- 
out moving parts or adjustments. It 
can be made to operate from any com- 
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mercial AC power source and deliver one 
or more required voltages with power 
outputs up to several thousand volt- 
amperes. 

Bulletin D148-71-G has been prepared 
to give full information and electrical 
characteristics, dimensions, stock ratings, 
and prices. It contains illustrations and 
examples of how to select Voltage Reg- 
ulators for specific applications and for 
general use. Copies will be mailed on 
request. Raytheon Mfg. Co., 168 Willow 
St., Waltham, Mass. 


Turbines for Mechanical 
Drive 


Mane by the Elliott Co., Jeannette, 
Pa., the type CY single-stage turbine for 
mechanical drive extends upward the size 
range of the Elliott Types AY and BY 
turbines introduced some years ago. 
Among features of these turbines are: 
centerline support, horizontally split cas- 
ing, steam and exhaust connections in 
lower half casing, sensitive and sturdy 
centrifugal normal-speed governor, dou- 
ble-seated corrosion-resistant governor 
valve, rugged governor linkage, separate 
emergency overspeed governor, large- 
area built-in steam strainer with blow- 
down connection, stiff shaft rotor bal- 





anced both statically and dynamically, 
carbon packing rings removable without 
lifting upper half casing, handwheels 
for part-load economy, overload or 
emergency conditions, when desired, ex- 
tra large bearings equipped with water- 
cooling features. These turbines are built 
for operation with steam pressures up 
to 600 lb. gage and temperatures up to 
750 deg. F. 


Water-Cooled 
Mercury Lamp 


A 1000 watt LAMP no thicker than a 
lead pencil is offered by the Westing- 
house Lamp _ Division, Westinghouse 
Electric & Mfg. Co. A new principle is 
employed, mercury vapor in a very small 
“capillary” tube of quartz, operating at 
a very high pressure and water-cooled. 
The light it gives is exceedingly intense 
and concentrated. 

This unique lamp is expected to be 
invaluable for use in photoengraving and 
other photographic processes as well as 
in searchlights and for therapeutic uses. 
Its rays are highly actinic and the 
amount of light emitted is high, 65,000 
lumens. Moreover, since such a concen- 





trated source. can be focused with great 
accuracy it should find application in 
many other projection fields. It is about 
12 times as brilliant as a filament projec- 
tion lamp. Never before has such a 
powerful yet tiny source of so high in- 
trinsic brilliance been available. ~ 

The new lamp consists of a quartz 
tube about %-in. in outside diameter, 
with a bore diameter of about 1/12 in. 





The tube contains a globule of mercury 
and is capped at each end with a brass 
ferrule which serves as a terminal. Wires 
project from each ferrule into the bore, 
leaving a gap of about one inch. In 
operation the lamp is to be surrounded 
by a glass jacket through which water is 
circulated. The design of this jacket 
will depend upon the maker of the equip- 
ment which incorporated the lamp. 

Initial research on this type of capil- 
lary lamp was conducted by Philips Glow 
Lamp Works of Eindhoven Holland; 
subsequent research and development in 
the Westinghouse Laboratories in Bloom- 
field, New Jersey. 


Carbon Dioxide Indicator 


OF INTEREST to those dealing with 
heating equipment, is the announcement 
by Julien P. Friez & Sons (a Div. of the 
Bendix Aviation Corp.), Baltimore, Md., 
of a new carbon dioxide indicator. This 
is of a new transparent composition 








strorig and durable and unaffected by the 
caustic solutions used in the indicator. 
The small size of the instrument is also 
obvious from the illustration. Readings 
are obtained by lining up the meniscus of 
the vertical mercury column with the 
graduations on the adjustable scale and 
the reflection of the meniscus in that 
polished scale. 
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Savings Begin When Nalco Comes In! 


























IGHT in YOUR BOILER is where the 

curves for cost and efficiency begin 
. . . A loss here means a loss straight 
through your power plant ... New 
equipment installed to reduce costs 
never gets a chance when savings are 
earmarked in advance .. . That’s why 
we say ‘‘Savings begin when Nalco 
comes in!’’ 


The Nalco System has an unusual rec- 
ord for reducing costs, improving 
performance and increasing safety. Let 
us show you the facts. No obligation. 
NATIONAL ALUMINATE CORPORA- 
TION, 6224 W. 66th Place, Chicago, III. 


NALCO SYSTEM 


Inquiries other than domestic, except those from U. S. Possessions, Canada and Mexico, should be addressed to ALFLOc Ltp., Bush 
House, Aldwych, London,W. C. 2, Eng. Canadian inquiries should be sent to ALUMINATE CHEMICALS LTD., 372 Bay St., Toronto, Ont. 
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Steam Atomizing 
Desuperheater 


THE SPENCE steam atomizing de- 
superheater made by Spence Engi- 
neering Co., Inc., New York, N. Y., 
introduces a steam jet to atomize the 
cooling water so that mist is introduced 
into the steam pipe. This mist insures 
complete absorption of the water by the 
superheated steam. 

In order to secure the proper results 
it is necessary to maintain a fixed rela- 
tionship between the water and the 
steam used for atomizing purposes. In 
order to accomplish this, both the cool- 
ing water and the steam are controlled 
by two Spence Type-P single seat, Para- 
bolic disc, streamlined control valves. 
These valves are controlled in turn by 
a standard Spence Type-T temperature 
pilot. As the temperature increases, the 
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temperature pilot releases pressure from 
the diaphragms of the two control 
valves allowing them to open gradually, 
supplying the correct mixture of water 
and steam, which in turn maintains the 
correct temperature without flooding 
the main steam pipe with excess water. 

A Spence steam atomizing desuper- 
heater will operate on any load. In 
order to use-the above mentioned unit, 
it is necessary to reduce pressure before 
desuperheating, or supply steam for 
atomizing purposes, at a, higher pres- 
sure than that in the main pipe. 

Nozzles are furnished in three sizes: 
No. 1 to fit a 2%-in. welding tee with a 
capacity of from zero to 40,000 Ib. of 
steam per hour. No. 2 to fit a 5-in. 
welding tee with capacity between zero 
and 120,000 Ib. per hour. No. 3 to fit 
an 8-in. welding tee having any capacity 
that might be required. These nozzles 
will fit any pipe equal to or larger than 
their respective tees. 


Hotwell and Condensate 
Pump 


WorTHINGTON Pump & MACHINERY 
Corp., Harrison, N. J., announce the de- 
velopment of an improved two-stage 
and condensate 


céntrifugal hotwell 
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pump. Featuring oversized 
openings, pick-up type impellers, and 
generous vents, the new line of pumps 
is offered for efficient removal of con- 
densate under high vacuum, with mini- 
mum available submergence. 

The casing of the new pump is of 
cast iron, horizontally split for ready 
access and removal of the rotor. Suc- 
tion and discharge nozzles are located 
in the lower half of the casing, while 
an interstage passage is cast integral 
with the upper half of the casing. A 
liberal sized vent is provided to permit 
escape of entrained vapor. 

Bronze impellers, of the single-suc- 
tion enclosed type, designed especially 
for hotwell and condensate service, are 
mounted on the shaft with the suction 
openings facing inward. The back, or 
discharge, sides of the impellers are 
thus adjacent to the stuffing boxes, so 
that the latter are under first and sec- 
ond stage discharge pressures respec- 
tively, effectively preventing leakage of 
air into the pump. 


GE Develops Low-Cost 
Resistance Welding Process 


GENERAL ELECTRIC ENGINEERS have de- 
veloped a low-cost resistance welding 
process of an electronic type to replace 
expensive soldering operations in the 
manufacture of such devices as radio 
sets, watches, small meters, industrial 
control devices, railway signal equip- 
ment, and business machines. 

A current of several thousand am- 
peres flows in the secondary circuit of 
the welder for a half-cycle which is pre- 
cisely timed by an Ignitron tube and its 
associated control circuit. This con- 
trol circuit includes a dial for regulat- 





ing the heat by the phase-shifting 
method. The amount of heat is accu- 
rately determined by the duration of 
current flow; maximum heat is ob- 
tained with a current duration of slight- 
ly more than 1/120 of a second. The 
welding transformer and its associated 
equipment are suitably enclosed. 

On other electrical devices, as well 
as on radio sets, tongs are used with 
the equipment in the welding of solid 
or stranded wires to terminals. Like- 
wise, a suitable bench welder can be 
utilized to weld small studs (.010 in. 
to .050 in diameter) to flat surfaces with 
little or no marking on the opposite 
side of the sheet of metal. Similar 
equipment is suitable for the spot- 
welding of thin sheets of various alloys 
with little or no oxidation or discolora- 
tion. 


suction ~ 





Rectox Rectifiers for 
Cathodic Protection 


To COUNTERACT and practically elimi- 
nate galvanic action or electrolysis of 
underground pipe lines, cables, etc. a 
copper-oxide rectox rectifier developed 
for cathodic protection is announced by 
Westinghouse Electric & Mfg. Co 

These rectifiers have a rating range 
from 3 to 50 v., 1 to 125 amp. d.c. out- 
put. They consist of the necessary Rectox 
units for the desired rating, together 
with a two-winding transformer, discon- 
nect switch, and terminal board, all 
mounted on sheet steel ventilated cabinet 
designed in some cases for outdoor use 
and in others for indoor use. 








How much current and voltage is 
needed to protect a given length of pipe 
line can only be found out by actual trial, 
due to the variation in resistivity of coat- 
ing and of soil condition already men- 
tioned. Usually it has been found that 
if the pipe can be maintained negative 
to the earth by 0.3 v. or more, corrosion 
will be stopped. 

The Rectox Copper-Oxide rectifier 
requires no maintenance as there is noth- 
ing to wear out and no attention beyond 
the occasional check of output which is 
required anyway due to the seasonal 
variations in soi] and coating resistivity. 


Bonnet Valve 


THE Onto Injector Co., 243-277 Main 
St., Wadsworth, Ohio, has now aug- 
mented its line of globe and angle in- 
serted bonnet valves with a new line 
of union bonnet valves. This valve is 
for 200 Ib. S.W.P. equipped with a 
30 deg. plug seat and disc of Ohista 
mel The seats and discs are 500-550 

rinell. 





Ohista retains its hardness at high 
temperature, and resists wear, erosion, 
corrosion and galling. Foreign sub- 
stances in the line such as boiler scale 
and metal cuttings are crushed without 
marring the seat or disc. 
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BOILERS 


Successful breweries, like Cook’s at Evansville, keep production costs 














down and pass the savings along by giving extra value in their product. 

Vogt boilers fit right in with such a policy, whether in a brewery or any 

other industry, by producing more steam per dollar of investment..... 
a definite aid to lower production costs. 


HENRY VOGT MACHINE C0O., Inc., Louisvi1teE, Ky. 


NEW YORK - PHILADELPHIA - CLEVELAND - CHICAGO - DALLAS 
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Packless Valve 


Monat VALVE AND Force Co., 1007 
Bessemer Bldg., Pittsburgh, Pa., is now 
manufacturing the new Packless “T” 
globe valve designed for pressures vary- 
ing from 150 Ib. to 1500 lb. and tem- 
peratures up to 1100 deg. F. They are 
available in sizes ranging from ¥% to 4 in. 

Outstanding features of these new 
packless valves include the all metal 
against metal construction, eliminating the 
necessity for the packing gland, packing 
and packing nut, and the Veriquick re- 
newable seat and slip disc of high Brinell 
metals which can be changed without 
removing the valves from the line. 

















To insert a new seat, simply unscrew 
the cap from the base, eject tapered seat 
ring by screwing down on hand wheels, 
slip in new seat ring, tighten base cap 
and the line is ready for service. The 
change can be done in a flash, eliminating 
the necessity of removing valve from 
line, which effects considerable savings 
in time and labor. Old seats and discs 
may be reground on the bench for fu- 
ture service. 


Recticharger 


THE NEW Raytheon Recticharger 
does everything necessary to keep a 
storage battery fully charged except 
adding the water to make up for evapora- 
tion. According to the manufacturer they 
have built into the Recticharger an 
almost human-like ability to change the 
charging rate in accordance with the 
needs of the battery. An untrained 
attendant, therefore, can charge batteries 
with all the skill of an experienced 
service man. If the batteries are located 
at an unattended point, the Recticharger 
will assume full responsibility for auto- 
matically keeping them fully charged. 

Inside the Recticharger is the Ray- 
theon designed control unit which con- 
tinuously matches the Recticharger out- 
put current rate to the current drawn 
from the battery. This type of charg- 
ing always keeps the battery in a 100 
per cent charged condition, because the 
current is returned to the battery as fast 
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as it is taken out. By preventing over- 
charging or under-charging maximum 
battery life is obtained. 

In order that the Recticharger may 
operate unattended it is built so that 
it will not require any replacement of 
parts under normal operating conditions. 
Conversion of a.c. to d.c. is accom- 
plished by copper oxide rectifying units, 
which have been operated at the manu- 
facturer’s plant on life tests for over 
10 yr. without any indication of wear- 
ing out. The control unit is a trans- 
former product and therefore does not 
have any moving parts. The other com- 
ponents have the same long life expec- 
tancy and the whole assembly is enclosed 
in an attractive metal cabinet for wall 
mounting. 

Rectichargers are made for all pop- 
ular battery voltages in sizes required 
for all the usual applications. Raytheon 
vine Co., 168 Willow St., Waltham, 

ass. 


Low Cost Electronic 
Welding Contactor 


For WELDING mild steel products and 
other readily-welded metals, a new 
“weld-o-trol” electronic power switch for 
controling the primary of welding trans- 
formers and suitable for use with exist- 
ing timing devices, is announced by West- 
inghouse Electric & Mfg. Co., East Pitts- 
burgh, Pa. With either sealed-off or con- 
tinuously pumped ignitron tubes, the 
Weld-o-trol offers an instantaneous 
power switch for producing uniform 
welds, and is free of moving parts, arc- 
ing contacts and noise. Available ratings, 
are roughly equivalent to 300 and 600 
amp. conventional welding contactors. 

The Weld-o-trols equipped with 
sealed-off tubes consist of a sheet metal 
cabinet in which are mounted a bus bar 
assembly, electrical connections and a 
flow switch. The assembly is of the same 
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general construction for all tube ratings, 
but has copper and construction suitable 
for the current ratings involved. 

The only electrical connections re- 
quired are; one power cable entering the 
unit and one leaving the unit—the Weld- 
o-trol acting as a single pole, single 
throw switch—and two control leads 
from the timer. No added control volt- 
age is required, as the Weld-o-trol con- 
tains all necessary voltages for operating 
it and, therefore, no additional power 
supply should be inserted in the control 
circuit. 

A water flow relay insures not only 
adequate water pressure, but insures an 
actual flow of water through the ignitron 
tube and provides protection against 
either water failure or stoppage of the 
drain line. A pressure switch is used on. 
the pumped Weld-o-trols. The cooling 
water should come direct to the Weld-o- 
trol from the supply line and may dis- 
charge either to the drain or to the inlet 
of the cooling system on the welder or 
one of its branch lines. About two gal- 
lons of water per minute are required 
for the sealed off type while the pumped 
type requires slightly more water. 


Recording and Controlling 
Instruments 


C. J. Tacirasue Mre. Co., Brooklyn, 
N. Y., announces a new line of TAG 
recorders and recorder-controllers with 
10 and 12 inch charts. The new record- 
ing thermometer and pressure gage 
present many new features of design 
which include interchangeable cali- 
brated tube system that can be readily 
replaced and need be checked at one 
point only; stainless steel pen arm that 
can be removed easily for cleaning or 
replacement; precision-built capillary 
fountain pen design with draftsman’s 





split-nib; pen arm movement designed 
for strength, lightness and rigidity 
supported by bearings at both ends. 

In addition to all the features found 
in the recording thermometer, the TAG 
recorder-controller is offered in either 
the “On-Off” or throttling control 
model. The “On-Off” model with the 
simple non-adjustable flapper fits all 
ordinary temperature control applica- 
tions. The throttling model utilizes an 
adjustable calibrated flapper which pro- 
vides an exact sensitivity adjustment. 
This design permits easy adjustment 
of the throttling range to coincide with 
any considerable apparatus lag. 
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S the boiler feed pump in a large high pressure steam 
plant often requires 1000 hp. or more to drive it, sus- 
tained efficiency reduces power costs materially. 
Centrifugal pump efficiency is influenced by leakage 
(1) back through the joint which separates discharge cham- 
ber from suction, (2) through the thrust balancing device, and 
(3) at the point where the shaft penetrates the diaphragms. 
In De Laval Multistage Pumps special measures are taken 
to reduce all three forms of leakage: 


1. Impeller and diaphragm are protected against wear at the running 
joint-by LABYRINTH WEARING RINGS, which reduce leakage 
and, at the same time, permit large clearances. 


2. The disk balancing arrangement employed in De Laval pumps has 
axial rather than radial clearance, and adjusts itself automatically 
to maintain close clearance with minimum leakage, regardless 
of wear. 

3. With De Laval single suction impellers the leakage head between 


stages along the shaft is small. The shaft is protected at this point 
by a renewable sleeve and the diaphragm by a renewable bushing. 





These and other matters relating to multistage centrifugal pump design 
are discussed in new literature, which will be sent upon request. 


Turbine driven combined boiler feed 
and hot well pumps. Water is re- 
ceived at the suction of the hot well 
pump at the rate of 1570 g.p.m. and 
under 2 |b. absolute at 102° F. and is 
discharged .at 210 |b. gage. The 
boiler feed pump receives 1455 g.p.m. 
under 169 lb. gage at 260° F. and dis- 
charges against 1186 lb. gage. The 
turbine, running at 1770 r.p.m., re- 
ceives steam at 815 Ib. gage and 900° 
F. and exhausts against 5 lb. gage. 
This is the SIXTH De Laval unit of this 
kind ordered for a large central 
station. 3606 





De Lanal Labyrinth acti Rings 


TRENTON, A.J. 


MANUFACTURERS OF STEAM TURBINES; PUMPS — CENTRIFUGAL, PROPELLER, ROTARY DISPLACEMENT: 
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Fire Pump 


AvuxiLiary fire protection for fac- 
tories, warehouses, docks and industrial 
plants is afforded by a new special duty 
fire pump, factory-installed as part of 
the “Clarktor-6” industrial tractor. The 
centrifugal type pump, meeting all test 
requirements of the National Board of 
Fire Underwriters, can handle any kind 
of water. In practice, the very high 
pressure small nozzle supplied creates 
a fine mist at the end of the stream of 
water, thus quenching the blaze. 

A floating, flexible drive between mo- 
tor and pump is provided by a power 
take-off. Automatic primer primes the 
pump and keeps it primed by means of 
a vacuum from the motor intake mani- 
folds. When taking supply through a 
4 in. suction opening from a 30 Ib. 
hydrant, the pump will deliver 400 gal. 
per min. at 120 lb. pressure, with the 
motor running 1800 r.p.m. which is its 
normal controlled speed when operating 
the tractor. Pump capacity and speed 
may be increased by adjusting motor 
governor. The tractor power plant con- 
sists of a 46 hp., 6-cylinder engine, 
equipped with air cleaner and renewable 
cartridge type oil filter. 

The pump is installed on the front 
end of any “Clarktor-6” tructractor 
behind the bumper plate. This’ makes 
it easily accessible for servicing. When 
used as a pumper, the machine’s bumper 
plate is lifted up out of the way and 
rests over the engine hood. Clark 
Tructractor. Battle Creek, Mich. are 
the manufacturers. 


Stainless Steel Valves 


CORROSION-RESISTING stainless steel 
valves are now available to industry in.a 
most advanced line. By “Corrosion- 
Resisting Stainless Steel,” is generally 
meant some combination of chromium 
and nickel with small additions of silicon, 
molybdenum, copper, columbium, titan- 
ium, etc., the balance being iron. The ex- 
pression, “18-8,” for example, refers to 
an 18 per cent chromium and 8 per cent 
nickel content. 

These new valves manufactured by 
Jenkins Bros., 80 White St., New York 
City, are regularly made of cooper 18-8 S 
and cooper 18-8 SMO, each having a 
carbon content limited to a maximum of 
0.10 per cent. Both are highly resistant 
to corrosion, but cooper 18-8 SMO is 
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used under most severe conditions and is 
particularly adapted to sulphite pulp 
mills. It is safe to state that these two 
alloys will take care of almost 90 per 
cent of all corrosion-resisting require- 
ments. In cases where neither of these 
valves can be recommended, valves of 
other alloys will be considered on special 
order. 

They are available in seven different 
styles—solid wedge or double disc gate 
valves, union bonnet or bolted bonnet re- 
grinding globe or angle valves, and bolted 
bonnet “Y” valve; all either screwed or 
flanged, in sizes % to 3 in. 


Photrix Universal 
Photometer. 


Tue Puorrix UniversaL PHotoM- 
ETER is a new sensitive portable light 
measuring instrument—one of the most 
sensitive ever built. For general pur- 
poses, it is equipped with a single photo- 
cell capable of distinguishing light values 
down to 1/100 ft. candle. 

The instrument consists of a wooden 
case with carrying strap containing a 
galvanometer and a photo-electric ele- 
ment. The latter is connected to the in- 
strument by means of a flexible cable and 
rests in a compartment of the case while 
the instrument is not in use. The scale 
of the instrument is arranged under an 
angle of 45 deg. so as to*be easily read 
from the top as well as the side. It is 
calibrated in foot candles and has four 
measuring ranges which are selected by 
means of a 4 point switch operating a 
series of shunt resistances. 

The main field of application of the 
Photrix Photometer consists in measur- 
ing low and medium values of illumina- 
tion. If the illumination to be measured 
is so high that the instrument shows 
full-scale deflection while the switch is 
set at the highest measuring range, then, 
a baffle with a suitable opening should 
be placed in front of the photocell. In 
the lowest, i.e., most sensitive measur- 
ing range, the instrument has a full scale 
deflection of 2.5 ft. candles, each of the 
50 divisions representing 0.05 ft. candles. 
It is possible to distinguish illumination 
values down to 1/100 ft. candle. 

The Electrocell self-generating photo- 
electric element of the Photrix Photom- 
eter is hermetically sealed in a stainless 
steel casing with an optical glass window. 


This element operates for an unlimited 
period of time without any known chem- 
ical of physical reaction taking place 
inside of it. Its color sensitivity exceeds 
that of the human eye in the blue as well 
as in the red. By means of a special 
green filter, this excess sensitivity can be 
eliminated so that the element reacts to 
colors just as the eye. 

If extreme sensitivity is required and 
if the illumination is to be measured on 
a large surface the instrument can be 
furnished with a double cell and for 
certain purposes multiple cells can be 
provided. 

A smaller model (Model B) is pro- 
vided which has only three measuring 
ranges, the most sensitive of which has 
a full scale deflection of 12 ft. candles. 
The highest range goes up to 1000 ft. 
candles which cah be further extended 
by means of baffles. 

In the case of both model A and B, 
calculators in the form of circular slide 
rules can be furnished to convert the 
readings into exposure readings for 
photographic purposes. 

Special literature on the Photrix 
Universal Photometer can be obtained 
from Dr. F. Loewenberg, 10 East 40th 
street, New York, N. Y. 


Motor Trolley 


AMERICAN ENGINEERING Co., Phila- 
delphia, Pa., announces the development 
of a new motor trolley, called the Type 
“RB”. Features of the “RB” Motor 
Trolley are its short wheelbase, low 
headroom, four-wheel drive, and balance. 
Curves with a radius down to 7 ft. can 
be easily negotiated. Headroom varies 
from 1 ft. 9 in. to 3 ft. 10 in., depending 
on the capacity of hoist and (height) of 
lift. The four trolley wheels are all gear 
driven, providing maximum tractive ef- 
fort. Balance is secured by means of an 
adjustable counter-weight. 

According to the specifications, all 
trolley wheel and gear shaft bearings are 
heavy duty Hyatt roller bearings. Gears 
are cut, not cast. The trolley wheels are 
cast steel with machined rolling surfaces. 
The motor is ball bearing, fully enclosed 
and designed especially for hoist service. 
The controller is of the drum type, fire- 
proof, completely protected from dust 
and moisture. The controller is operated 
by pendant cords. 
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| WY. ears Service- 
-Good For Many More!” 


Mt bas Terry Turbine illustrated below was installed in the plant of the Eagle Lock 
Company in September 1907. For seven years it was in daily service driving an 

exciter. Since then it has been furnishing direct current for night lighting and week- 

end service. 31 


The original wheel is still in the machine as well as the governor m ism and 
governor valve. In the words of the operating engineer “it has given PA years service 
and is good for many more.” 


This, of course, does not mean that every Terry Turbine will perform in the same 
manner, but every Terry Turbine with the same care and attention will deliver 
the same satisfaction. By replacing the few wearing parts the life of a Terry Turbine 
may be prolonged almost indefinitely. 





Terry Turbines are built in all sizes and for all steam conditions from 5 to 1500 H. P. 


“It is the Terry Wheel THE TERRY STEAM TURBINE COMPANY 
pene on. TERRY SQuaRE, HARTFORD, CONN. 
lived, rim protected, e Offices in Principal Cities in the U.S. A., also 
ficient.— in Important Industrial Foreign Countries T-949 





i © THE TER 
TURBINE 


~ Ff 


CHICAGO, NOVEMBER, 1938 95 











News from the Field 


Tue ResEARCH Propucts Corp., with 
offices and plant at Madison, Wis., has 
recently purchased, from the C. F. 
Burgess Laboratories, Inc., the buildings 
and land at 1011-1015 East ‘Washington 
Avenue, Madison, Wis. Officers of the 
corporation are Howard F. Weiss, Presi- 
dent; Kemper Slidell, Vice-President ; 
Max H. Kliefoth, Treasurer; Milton J. 
Shoemaker, Secretary; and Miss Bertha 
Weisman, Assistant Secretary and Treas- 
urer. James Payton is Sales Engineer 
of the Air Filter Division and Kemper 
Slidell is Manager of the Water Condi- 
tioning Division. 

What formerly was known as the 
Burgess air filter, is being manufactured 
and marketed by the Research Products 
Corp. under the name of Walton air 
filter. Future plans include an expansion 
of the air filter line to provide filter units 
for many new industries and applica- 
tions. 


ANNOUNCEMENT is made of the pur- 
chase by Julien P. Friez & Sons Divi- 
sion of Bendix Aviation Corp., Balti- 
more, Maryland, of the business of 
Nicostat Products, Inc., of Buffalo, New 
York. The Nicostat Co. has developed 
Magnetic Gas Valves, providing either 
slow or quick-acting performance, and 
based upon the patented principle of the 
floating disc. The entire physical activity 
is being moved to Baltimore, and the 
transfer of personnel to Baltimore in- 
cludes Nico Borresen, the Engineer, and 
G. F. Knowles, the General Manager. 
Mr. Knowles will take charge of the 
greatly expanded activity of the Gas 
Section of the Friez Division’s Control 
Instruments Department. 


THE CROCKER WHEELER ELECTRIC 
Mrc. Co. announces the appointment of 
Wallace K. Brown as Vice-President and 
General Sales Manager, to succeed B. D. 
Christian who will continue in an ad- 
ministrative capacity. 


Tue Inpranarotis MacHINERY & 
Suppty Co., Inc., Indianapolis, Ind., of 
which H. Lewis is manager, has recently 
been appointed distributor of the com- 
plete line of mechanical rubber goods 
manufactured by the New York Belting 
& Packing Co. 


J. Trmotuy O’Hara, formerly asso- 
ciated with the Amthor Testing Instru- 
ment Co., has organized his own sales 
agency to handle a complete line of test- 
ing and recording instruments. Offices 
are maintained at 620 East 43rd Street, 
Brooklyn, N. Y. 


Cuan Bett Co., Milwaukee, Wisc., 
has announced the election of Fred V. 
Gardner as Acting Treasurer to fill the 
vacancy created by the recent death of 
C. L. Pfeifer, and the election of John 
T. Brown, Vice-President to the Board 
of Directors. G. M. Dyke, Assistant 
Treasurer, was re-elected and A. F. 
Kessler, Chief Accountant, was elected 
an Assistant Treasurer. 


James F. Treat, 51, chief engineer 
of the Pittsfield Electric Co., Pittsfield, 
Mass., died Sept. 28 at the Baker Mem- 
orial Hospital in Boston after a pro- 
tracted illness. 
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Entry into the industrial roller bear- 
ing field has recently been announced 
with the appointment of Ahlberg Bear- 
ing Co. as nation-wide distributor for 
the products of Bower Roller Bearing 
Co. of Detroit. While the Bower Co. 
has been one of the largest manufac- 
turers of roller bearings for almost a 
quarter of a century its sales in the 
past have been almost entirely confined 
to the automotive industry. 


THE RELIANCE GAUGE CoLuMN Co. 
announces that Beil & Ejiss, Inc., 
Foshay Tower, Minneapolis, Minn., has 
been appointed to handle Reliance 
products throughout the state of Min- 
nesota, western Wisconsin, and North 
and South Dakota, and I. C. DeHaven 
Engineering Co., 47 S. Penn St., In- 
dianapolis, Ind., will represent the 
company in the major portion of 
Indiana and Louisville, Ky. 





CiayTon S. COGGESHALL has been 
appointed manager of the turbine divi- 
sion, central station department of the 
General Electric Company, succeeding 
the late Robert B. Beale, according to 


an announcement by M. O. Troy, com- 
mercial vice president. Mr. Cogges- 
hall had served in the capacity of gen- 
eral assistant to Mr. Beale since March 
Ist of this year. Prior to that time he 
was manager of sales of the Lynn 
River Works turbine section. 


Beaver Pipe Toots, INnc., announces 
the appointment of Avery Phillis as 
District Manager of the midwestern 
sales territory with headquarters in 
Chicago. 


On Novemser 2-3-4 the Refrigeration 
Service engineers’ society will hold its 
5th Annual Convention and Exhibits 
of Refrigeration Equipment, Supplies 
and Accessories, at the Hotel Statler, 
Buffalo, N. Y. A number of leading 
manufacturers of the nation will ex- 
hibit. Each day there will be a number 
of technical papers presented. 
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unincorporated concern, its name and 
address, as well as those of each indi- 
vidual member, must be given. ) 


Technical Publishing Co., Chicago, Ill. 
Arthur L. Rice, Chicago, Il 
Charles S. Clarke. Chicago, III. 
Kingsley L. Rice, Chicago, III. 

Ralph E. Turner, Chicago, IIl. 
Andrew W. Kramer, Chicago, III. 
John O. Aarvold, Chicago, III. 


Ss. 


Otto Kaad, Chicago, II. 

Walter Painter, Chicago, III. 
Edwin C. Prouty, Chicago, III. 
Richard H. Morris, Chicago, III. 
Madge W. Rice, Wilmette, III. 


3. That the known bondholders, 
mortgagees, and other security holders 
owning or holding 1 per cent or more 
of total amount of bonds, mortgages, 
or other securities are: (If there are 
none, so State.) 

There are none. 

4. That the two paragraphs next 
above, giving the names of the owners, 
stockholders, and security holders, if 
any, contain not only the list of stock- 
holders and security holders as they 
appear upon the books of the com- 
pany but also, in cases where the stock- 
holder or security holder appears upon 
the books of the company as trustee 
or in any other fiduciary relation, the 
name of the person or corporation for 
whom such trustee is acting, is given; 
also that the said two paragraphs con- 
tain statements embracing affiant’s full 
knowledge and belief as to the circum- 
stances and conditions under which 
stockholders and security holders who 
do not appear upon the books of the 
company as trustees, hold stock and 
securities in a capacity other than that 
of a bona fide owner; and this affiant 
has no reason to believe that any other 
person, association, or corporation has 
any interest direct or indirect in the 
said stock, bonds, or other securities 
than as so stated by him. 


5. That the average number of 
copies of each issue of this publication 
sold or distributed, through the mails 
or otherwise, to paid subscribers dur- 
ing the twelve months preceding the 
date shown above is................. 
(This information is required from 
daily publications only.) 


KINGSLEY L. RICE, 
Business Manager. 
Sworn to and subscribed before me 
this 4th day of October, 1938. 


; JOHN O. AARVOLD. 
“6 itr commission expires March 20, 
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Recognized for their depend- 
ability and long service life, they 
effect substantial reductions in 


maintenance expense. 
6 inch 


Fig. 1430 


Available in bronze mounted and 
all-iron; inside and outside screw 
and quick operating; for all service 

= a requirements. 
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W. H. & L. D. Betz, 235 W. Wyom- 
ing Ave., Philadelphia, Pa., announce 
the following changes in their organi- 
zation: 

George Bernauer, a graduate of 
Marquette University, formerly chem- 
ical engineer of the Milwaukee Sewage 
Commission, will work in conjunction 
with the Chicago laboratories in serv- 
ing the Milwaukee area. 

J. A. DeWinter, graduate of Purdue 
University, formerly chemical engineer 
with the Public Service Co. of Indiana, 
has been appointed to fill the vacancy 
created in the Detroit office by the 
death of A. H. McDowell. 

The company also has a series of 
five lectures on water treatment and 
the chemistry of water to be given 
under the personal supervision of 
James K. O’Brien, general manager of 
sales and service. These lectures will 
be given in the Ball Room of the Hotel 
Statler in Buffalo beginning Monday 
evening, November 14th and continu- 
ing each Monday evening for 5 weeks. 
In Cleveland they will be given in 
the Euclid Room of the Hotel Statler 
beginning Tuesday evening, November 
15th and continuing for five weeks. 
Admittance may be arranged through 
correspondence or by personal applica- 
tion at the opening lectures before 
eight o’clock. 


Consolidation of Lexington 
Utilities and Kentucky 
Utilities Co. 


THe Lexington Utilities Co. and 
Kentucky Utilities Co., both Kentucky 
corporations, have filed with the Federal 
Power Commission a joint application 
for authority under Section 203 of the 
Federal Power Act to merge or con- 
solidate all their respective facilities sub- 
ject to the jurisdiction of the Commis- 
sion. 

The agreement of consolidation, under 
which the two companies propose to 
merge, provides that one share of 6 
per cent preferred stock ($100 par value) 
of Kentucky Utilities Co. (the consoli- 
dated corporation) and $8.33-1/3 in cash 
will be delivered to the holders of the 
$6.50 preferred stock of Lexington 
Utilities Co. in exchange for and upon 
surrender of such stock for cancella- 
tion. The Public Service Commission 
of Kentucky, by an order dated July 7, 
1938, authorized the statutory consolida- 
tion and the issue or assumption of 
securities by the consolidated corpora- 
tion and, applications for approval of 
the proposed issue or assumption of 
securities have been filed with the Securi- 
ties and Exchange Commission. 


For the Engineer's Library 





Any Catalogs that you wish will be gladly 
sent. Write Power Plant Engineering. 





Electrical Equipment 


B-A “De-Ion” Power Fuse—Dry 
Boric-Acid power fuses used for the 
protection of high-voltage circuits and 
equipment, applicable in utility and 
industrial power plants, and for all 
high-voltage power use, indoor and 
outdoor, are described in an illustrated 
booklet. Copies of this booklet F.8450 
may be secured from Westinghouse 
Electric & Mfg. Co., East Pittsburgh, 
ra, 


Rectox Rectifiers for Cathodic Pro- 
tection—Rectox Rectifiers designed to 
counteract galvanic action and electrol- 
ysis by maintaining a small direct 
current from ground to structure, a 
technique known as “cathodic protec- 
tion” are described in a 4-page illus- 
trated leaflet. Copies of this leaflet, 
descriptive data 27-450, may be secured 
from Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 


An Ignitron A-C Welding Contac- 
tor—Without Timing—A 4-page illus- 
trated booklet under this title an- 
nounces a new Weld-O-Trol electronic 
power switch for controlling the pri- 
mary of welding transformers and suit- 
able for use with existing timing de- 
vices and for welding mild steel prod- 
ucts and other readily welded metals. 
Copies of this booklet, Descriptive 
Data 18-345, may be secured from 
Westinghouse Electric & Mfg. Com- 
pany, East Pittsburgh, Pa. 
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Lightning Arresters— Types MP 
and IC direct-current lightning arresters, 
especially applicable for railway and 
industrial service, are described in a 
6-page illustrated booklet published by 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 


Prime Movers 


Diesel Tractor—Operating costs and 
specifications of the 25-horsepower 
“Caterpillar” Diesel D2 Tractor are 
given in a new 32 pp., 2 color booklet, 
Form 4757, just published by Caterpillar 
Tractor Co., Peoria, Ill. 


Diesel Engine—The Vertical Four 
Cycle direct-injection type Diesel en- 
gine is the topic of discussion in Bul- 
letin S-500-B 35. It is well illustrated 
giving construction, operation and spe- 
cifications. Worthington Pump & Ma- 
chinery Corp., Harrison, N. J 


Engine Lubrication and Deteriora- 
tion, prepared as a report of an investi- 
gation by Spitzglass and Zucrow, Con- 
sulting Engineers, is presented in book 
form for distribution to interested per- 
sons by Pines Winterfront Co., 1135 
N. Cicero Ave., Chicago, Ill. The in- 
vestigation dealt with internal combus- 
tion engines and is of importance to all 
those interested in lowering operating 
and maintenance costs, greater effi- 
ciency and longer life of engines. The 





report includes sections under the head- 
ings: The General Problems; Emul- 
sion Sludge; Oxidation Sludge; Corro- 
sion and Erosion; Water Accumulation 


in Crankcase; Crankcase Dilution; 
Piston Ring Sticking; Abrasive Wear; 
Starting Difficulties; and Fuel and Oil 
Economy. The book contains a great 
amount of fundamental information on 
lubrication and lubricants and gives 
numerous references where additional 
information on various phases of this 
subject may be secured. 


Heat Exchangers 


Green’s Ringstay-Type Economizer 
—Bulletin 167 under this title describes 
and illustrates a cast-iron economizer 
with a special ringstay type joint, a type 
of construction which makes it possible 
to use the cast-iron economizer for 
relief pressures up to 450 lb. The Ring- 
stay-T ype Economizer can be furnished 
with either horizontal or vertical tubes 
and may be baffled to obtain proper rate 
of gas and water flow. Copies of Bulletin 
167 will be gladly sent on request to 
The Green Fuel Economizer Co., Inc., 
Beacon, N. Y. 


Surface Condensers—A 24-page bul- 
letin, C-8, under this title contains dis- 
cussions of various subjects relating to 
condensers such as heat transfer, tube 
layout, tube sizes and materials, meth- 
ods of installing tubes, ejectors and 
pumps, curves on heat transfers, fric- 
tion loss, logarithmic mean tempera- 
ture difference, condenser formulas, 
and a pressure-temperature conversion 
table. Elliott Co., Jeannette, Pa. 


Mechanical Power Transmission 


Ball and Roller Bearing Lubrica- 
tion is the title of a 42-page booklet 
covering general constructional fea- 
tures of bearings, their care and lubri- 
cation. Definite recommendations, cov- 
ering type, size, speed and temperature, 
are summarized in a one page table. 
The Texas Co., 135 East 42nd St., 
New York, N. Y. 


Rex Roller Chains and Sprockets 
is the title of 128-page catalog No. 333 
giving list prices and dimensions of 
standard and non-standard roller chains, 
stock and made-to-order sprockets; engi- 
neering information on the selection and 
application of roller chain drives is also 
included. Chain Belt Co., 1600 West 
Bruce St., Milwaukee, Wis. 


Miscellaneous 


Regulations prescribing the periods 
of time the records of public utilities 
and licensees must be preserved, cov- 
ering: Corporate and general; plant 
and depreciation reserve; treasury; 
revenue accounting and collecting; pay 
roll and personnel; purchases and 
stores; operations; statistics; miscella- 
neous records, have been promulgated 
bv the Federal Power Commission, 
effective as of Aug. 1, 1938. ‘Copies 
may be had from the Superintendent 
of Documents, Washington, D. 
Price 10 cents. 
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Old Pumps Prove Too Costly to Keep in 


Service... 


Efficient, Modern Pumps! 
Allis-Chalmers Pumps Pay for Themselves... 
More Water for Your Money! 


Give you 15% 


Sure . . . those old pumps still 
give service ... but they cost too 
much to run! New Allis-Chal- 
mers Centrifugal .Pumps, with 
higher speeds, improved designs, 
and greater efficiencies, will give 
you as much as 15% more water 
for your money! 

Actually, Allis-Chalmers 
Pumps will pay for themselves in 
the savings they give you in 
pumping costs. Often their first 
cost is completely covered in less 
than a year. And you keep on 
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. Out-Dated by Improved, Highly 


Find Out How 


keep on 


saving year after year... 
getting more for your money! 


Pumps That Are Engineered Right! 
But that’s not all you get when 
you replace those old pumps with 
Allis-Chalmers. You get a pump 
that’s engineered right. . . for the 
particular job you want done. 
And you get the engineering that 
stands behind every Allis-Chal- 
mers pump .. . the exacting 
standards ... the testing and re- 
search facilities that have caused 


Lo a 


CUTTING THE COST OF PUMPING IN 
HALF are these Allis-Chalmers 400 gpm pumps 
and motors, in an installation typical of those in 
hundreds of factories and municipal plants all 
over the country. 












Allis-Chalmers equipment to be 
specified for Boulder Dam, for 
municipal and for industrial serv- 
ice throughout the world. 


Cash in on increased pump effi- 
ciency. Find out how you can 
save money with new pumps. Let 
an Allis-Chalmers pump man, a 
trained engineer, analyze your 
pumping problems . . . show you 
how much you can save... give 
you actual figures in dollars 
and cents! 

SISA 


SUCTICN 


SINGLE-STAGE DOUBLE-S a 
PUMPS e CLOSE-COUPLED SINGLE 
STAGE SSUnit PUMPS e MULTI-STAGE 
PUMPS e PAPER STOCK PUMPS e 
MIXED FLOW AND AXIAL FLOW 
PUMPS e AND SPECIAL DESIGNS 
FOR UNUSUAL APPLICATIONS 





Trucks—Cars—Turntables are the 
topic of discussion in Bulletin 228 of 
the Whiting Corp., Harvey, II. 


Lumnite, a structural cement, is 
illustrated and described in a new 
folder issued by the Atlas Lumnite 
Cement Co., 135 E. 42nd St., New York, 
N. Y. 


Ash Removal—The Ashveyor and 
the Jetveyor systems of ash removal 
are illustrated and described in two 
new bulletins recently issued by the 
Brady Conveyors Corp., Chicago, III. 


Cleaner—A new folder fully describ- 
ing the use and character of Magnus 
Vapor Cleaner has just been issued by 
7 oleae Chemical Co., Garwood, 
N. J. 


Solenoid Valves—Bulletin No. S-1 
illustrates and describes Davis solenoid 
valves. The types listed are for general 
service on steam, air, gas and liquid. 
Davis Regulator Co., 2508 S. Wash- 
tenaw Ave., Chicago, III. 


New 


Kent’s Mechanical Engineer’s 
Handbook — Design — Shop Practice 
Volume. Eleventh Edition. Robert T. 
Kent, Editor in Chief. 1378 pages, 
5% by 8% illustrated, flexible bind- 
ing. John Wiley and Sons, Inc., 440 
Fourth Ave., N. Y. 1938. Price $5.00. 

This, second volume of Kent’s, 
constitutes Volume III in the new Wi- 
ley Engineering Handbook Series. The 
Wiley Handbook Series, consists of 
a general volume (Vol. I—Eshbach’s 
Handbook of Engineerine Fundamen- 
tals) together with four other volumes, 
II and III of which are Kent's 
Mechanical Engineer’s Handbook and 
IV and V are Electrical Handbooks. 
Volume II Kent’s “Power” volume 
appeared in October 1936. Now, in 
May 1938, Kent’s Design and Shop 
Practice makes its appearance. 

“Kent” has appeared in two vol- 
umes before—but in these earlier edi- 
tions the two volumes were obtained 
simply by dividing the one volume 
edition in half and binding the two 
parts as separate volumes. The pres- 
ent two volumes, however, constitute 
something entirely new in the long 
history of “Kent.” In the first place, 
in accordance with the new concept of 
the function of a handbook, material 
fundamental to all engineering has 
been removed to the separate volume 
referred to, Esbach’s. The division of 
Kent into two volumes is logical. The 
first volume deals with the entire field 
of Power with its applications that 
are of interest to the mechanical en- 
gineer. The second volume, just issued, 
covers in detail, methods in Design and 
Shop Practice. 

This volume covers the following 
subjects: 


General Properties of Materials; 
Iron and Steel; Corrosion and Corro- 
sion-Resistant Metals; Non-Ferrous 
Metals and Alloys; Non-Metallic Ma- 
terials; Fabricated Materials; Strength 
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Instruments 


Recording Gages—A new /7-page 
bulletin contains information and illus- 
trations about recording gages and 
accessories. The importance of spring 
construction is discussed, with particu- 
lar reference to the all-welded steel 
helical movement, the diaphragm spring 
movement, the spiral spring movement 
and the Bourdon spring movement. 
For copies of bulletin No. 208 write The 
Foxboro Co., Foxboro, Mass. 


Instruments for measuring and con- 
trolling temperature and for testing 
paper are illustrated and described in 
Bulletin M-382 which has been issued 
by Thwing-Albert Instrument Co, 
— Lancaster Ave., Philadelphia, 

a. 


How To Use Ellison U Path Steam 
Calorimeter is the title of a 4-page 
pocket-size leaflet which is unusually 
comprehensive and complete. Ellison 
Draft Gage Co., 214 West Kinzie St., 
Chicago, II1. 


Engineering 


of Materials; Mechanism and Mechan- 
ics; Fastenings; Mechanical Springs; 
Rotating Members; Keys, Cotters, 
Pins, Tapers and Fits; Bearings; Gear- 
ing; Control Mechanisms; Vibration 
and Noise; Structures and Buildings; 
Industrial Heating Processes; Forging 
Practice; Foundry Practice; The Ma- 
chine Shop; Woodworking; Materials 
Handling; Mechanical Power Trans- 
mission; Electric Motors and Their 
Control; Miscellaneous Shop Equip- 
ment; Safety Engineering; Mathema- 
tical and Other Tables; Index. 

It forms an excellent companion 
volume to the first volume on Power 
and provides the most practical and 
most complete data on the various 
branches of mechanical engineering 
that one could ask for. 


Thermodynamics, Fluid Flow and 
Heat Transmission. 
Croft. Published by 
Book Co., 330 W. 42nd St., New York 
city. Size 6 by 9 in. 296 pp., cloth 
bound. Price $3.50. 

In spite of its cumbersome title, this 
book fills a real gap in engineering 
literature, combining as it does in one 
unified treatment three subjects funda- 
mentally related but ordinarily treated 
separately. After an introductory chap- 
ter on definitions and units, there is a 
brief 20 page treatment of dimensional 
analysis and the balance of the space is 
about evenly divided between the three 
major subjects. Dimensional analysis 
involves the collection of variables into 
groups to express the relation between 
variables without necessitating actual 
evaluation of experimental constants. 
Dimensional analysis and the princip'e 
of similitude involved in model tests 
are widely used in experimental work. 

The book is intended as an elective 
coordinating senior or graduate course 
for all branches of engineering and as 
such pre-supposes a working knowl- 
edge of thermodynamics, hydraulics, 





Air Machinery 


Compressors—A new 20-page cata- 
log describes and illustrates the Unitair 
stationary and semi-portable air com- 
pressors. The bulletin fully describes 
improvements that have been made and 
also covers power unit driven types. 
Bulletin A-22 may be had on request to 
The Sullivan Machinery Co., Michigan 
City, Ind. 


Ventilating Fans—The Wing-Scru- 
plex Fan, a propeller type fan is de- 
scribed in this new illustrated bulletin. 
It covers fans for ordinary ventilation 
applications as well as acid-resisting 
fans, dye-house fans, motor-drive and 
pulley-drive, protective shutters and 
pent-houses. Especially valuable is a 
table for easy selection of fans to deliver 
air through ducts of various sizes and 
lengths. Capacities, horsepower and 
construction details are included for 
fans rated from 850 to 78,000 cu. ft. per 
min. A copy of Bulletin F may be had 
on request to L. J. Wing Mfg. Co., 154 
W. 14th St., New York, N. Y. 


Books 


and, mathematics through calculus gnd 
differential equations. As such the 
rather brief and highly mathematical 
treatment is apt to prove discouraging 
reading to the engineer whose mathe- 
matics are rusty or who is old fashioned 
enough to demand a concrete physical 
concept rather than a mathematic 
formula. 

Even these’ will, by sliding over the 
more involved mathematics and taking 
some things for granted, have no dif- 
ficulty in following the general de- 
velopment, however, while students 
and those who take their mathematics 
seriously will find the book fully up to 
their expectations. 


Metallurgy. By Carl G. Johnson, 
R. S. Dean and J. L. Gregg. Published 
by The American Technical Society, 
Drexel Ave. at 58th St., Chicago, III. 
Size 5% by 8% in., 144 pp., cloth 
bound. Price $1.50. 

It is surprising to find that such a 
distinguished trio of authors have 
written so simple and readable a book 
about a subject which is fundamentally 
involved. The text is intensely prac- 
tical and covers the entire field of 
physical metallurgy from the treating 
and shaping of metals and alloys 
through the testing and behavior in 
service. It is, however, intended only 
as an introduction to the science of 
metallurgy, a background course for 
those interested in pursuing some par- 
ticular phase further or for engineers 
who wish to have a broader general 
knowledge of the production and utili- 
zation of ferrous and non _ ferrous 
metals and alloys. A list of references 
is given in the back for those desiring 
to pursue the subject farther Carl G. 
Johnson is assistant professor of 
mechanical engineering at Worcester 
Polytechnic ‘Institute, R. S. Dean is 
chief chemist of the Bureau of Mines 
and J. L. Gregg is with Battelle 
Memorial Institute. 
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For Saying... 
‘Jenkins’ on Bronze Gates” 
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S A HUNTER clings to a favorite gun and a golfer favors a pet 

club ...so an engineer leans toward one valve style for a 
specific service. But... whatever your favorite in Bronze Gate 
Valves Jenkins has it! You can find exactly the combination 
of features to meet your service requirements in the complete 
Jenkins Line. 





When you realize these Bronze Gates are available in 28 dif- 
ferent patterns...every one built to the Jenkins extra measure 
standard of quality that assures low cost, trouble-free service 
-».you can see why we say “Jenkins gives you everything in’ 
Bronze Gate Valves”. 


JENKINS BROS., 80 White Street, New York, N.Y.; Bridgeport, Conn.; Boston, 
Atlanta; Philadelphia; Chicago; Houston; Montreal, Canada; London, England 
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gives you everything in Bronze Gate Valves 
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Jenkins offers ‘28 different Gates to Valve Satisfac- 
tion’’. Shown above is Fig. 370 Solid Wedge, 
Stationary Spindle, fer 125 Ibs. Steam Pressure. 








Power Plant Construction News 


Calif.. Burbank—City Council has 
plans maturing for new municipal elec- 
tric power plant, for which a bond issue 
of $350,000 has been voted, and further 
appropriation of $548,000 is being ar- 
ranged through reserve fund and Fed- 
eral aid to make total of $908,000 for 
project: Installation will be turbo- 
generator units to cost $270,000; boiler 
plant, $175,000; condenser system, 
$80,000; feed water system, $35,000, 
and miscellaneous equipment. A power 
substation is estimated to cost $30,000. 
J. H. Cambridge is superintendent of 
Department of Public Service, in 
charge. 

Conn., Bridgeport — Bridgeport 
Brass Co., plans installation of electric 
power equipment in new addition to 
tube mill, for production of brass, cop- 
per and other metal tubing, 110x220 ft. 
Entire project will cost close to $150,- 
000. Fletcher-Thompson, Inc., 1336 
Fairfield Avenue, Fairfield, Conn., is 
architect and engineer. Work is sched- 
uled to begin soon. 


Ill., Chicago—City Council has ap- 
proved construction of an_ electric 
power plant at Chicago municipal air- 
port, to be used for emergency light 
and power service. Estimate of cost 
not announced. Proposed to begin 
work soon. Oscar E. Hewitt, City 
Hall, commissioner of public works, is 
in charge. 


Ind., Bloomington—Board of County 
Commissioners, Court House, will re- 
ceive bids until Nov. 9 for stoker unit 
for power house at county infirmary, 
as per specifications on file. 


Ind., Indianapolis—Board of Trus- 
tees, State School for Deaf, 1050 East 
Forty- sixth Street, has plans maturing 
for extensions and improvements in 
boiler plant at institution, to include in- 
stallation of two 300-hp. watertube 
boilers, chain grate stokers, combustion 
control apparatus, ash- handling system 
and miscellaneous equipment. Beving- 
ton-Williams, Inc., Indiana Pythian 
Building, is consulting engineer. 


Kan., Osborne—Common Council 
has plans under way for extensions and 
improvements in municipal electric 
power plant, including installation of 
additional equipment. Cost close to 
$50,000. Paulette & Wilson, 1006 Kan- 
sas Avenue, Topeka, Kan., and Farm- 
ers’ Union Building, Salina, Kan., are 
consulting engineers. Bond issue has 
been approved for work. 


La., Abbeville—City Council is con- 
sidering extensions in municipal electric 
power plant and waterworks station, 
including installation of new 1400-hp. 
engine unit and accessory equipment. 
Cost estimated close to $90,000. J. E. 
Kibbe is mayor, in charge. 


La., Eunice—Common Council has 
plans maturing for new municipal nat- 
ural gas distributing system, including 
control station and operating facilities. 
A bond issue of $115,000 has been voted 
for project. 


Mich., Sturgis—City Council plans 
expansion and improvements in munic- 
ipal electric power plant, including in- 
stallation of new equipment. Cost esti- 
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mated close to $275,000. Financing has 
been arranged through Federal aid. 


Mo., Kansas City—Empire Storage 
& Ice Co., Guinotte and Chestnut 
Streets, plans early erection of new 
four-story and basement cold storage 
and refrigerating plant, 74x110 ft. Cost 
over $75,000, with equipment. Alfred 
Benberg, 10 West Ninth Street, is con- 
sulting engineer. Ralph Wilkerson is 
general manager. 

Mo., Kansas City—Security Stove 
& Mfg. Co., 1630 Oakland Street, plans 
installation of power equipment in new 
two-story addition to stove and range 
plant, 85x125 ft. Entire project will 
cost about $50,000. 


Mo., Lee’s Summit — Common 
Council has plans under way for new 
municipal electric power plant. Pro- 
posed to use Diesel engine-generator 
units and accessories. Cost about 
$150,000. Financing is being arranged 
through Federal aid. E. T. Archer & 
Co., New England Building, Kansas 
City, Mo., are consulting engineers. 


Mo., Odessa—City Council has 
plans for new municipal electric power 
plant and electrical distributing system. 
Proposed to use Diesel engine-generat- 
ing units and auxiliary equipment. Cost 
about $139,000, of which $63,000 will be 
secured through Federal grant. E. T. 
Archer & Co., New England Building, 
Kansas City, Mo., are consulting en- 
gineers. 

Mo., St. Louis—Johnston Tin Foil 
& Metal Co., 6106 South Broadway, 
plans installation of electric power 
equipment in new one-story addition 
to metal foil-manufacturing plant, 100x 
100 ft. O’Meara & Hills, 5709 Water- 
man Street, are architects. Erection is 
scheduled to begin soon. Entire project 
will cost close to $60,000. 

Neb., Cedar Rapids—Cedar Rapids 
Irrigation and Power District, Cedar 
Rapids, H. C. James, consulting engi- 
neer, is planning a hydroelectric power 
development in Boone County, Neb., 
including power dam, generating sta- 
tion, transmission and _ distributing 
lines, power substations and other 
structures. Cost about $1,500,000. Fi- 
nancing is being arranged through 
Federal aid. 

Neb., Hartington—City Council has 
plans under way for new municipal 
electric power plant. Cost about $114,- 
500, of which $55,525 will be repre- 
sented by a Federal grant. H. H. Hen- 
ningson Engineering Co., Union State 
Bank Building, Omaha, Neb., is con- 
sulting engineer. 

N. Y., Frankfort—Union Fork & 
Hoe Co., Dublin Avenue, Columbus, 
Ohio, plans installation of electric 
power equipment in proposed new ad- 
ditions to branch agricultural equip- 
ment-manufacturing plant at Frank- 
fort, where tract of land has been 
acquired. Entire project will cost over 
$250,000. 

Ohio, Columbus Grove — Common 
Council plans extensions and improve- 
ments in municipal steam power plant, 
used for central-heating service, with 
installation of additional equipment. 
Cost estimated over $30,000. Financing 


will be arranged through Federal aid. 
Carl J. Simon & Associates, Van Wert, 
Ohio, are consulting engineers. 

Ohio, New Washington — City 
Council has plans under way for new 
municipal electric power plant. Cost 
about $123,200. Financing is being ar- 
ranged through Federal aid. Carl J. 
Simon & Associates, Van Wert, Ohio, 
are consulting engineers. 

Okla., Drumright — City Council 
has plans under way for new municipal 
electric power plant and electrical dis- 
tributing. system. Cost about $280,000. 
Bonds for $154,000 have been author- 
ized, with remainder of fund to be se- 
cured through Federal aid. William L. 
Austin, Cushing, Okla., is consulting 
engineer. 

Okla., Stillwater—Board of Trus- 
tees, Oklahoma Agricultural and Me- 
chanical College, Stillwater, plans new 
power house at institution for light, 
power and central heating service. Cost 
about $675,000, of which about $303,750 
will represent a Federal grant. Phillips 
A. Wilbur, at college, is engineer. 

S. C., Abbeville—City Council has 
arranged financing in amount of $435,- 
000 through Federal aid for municipal 
hydroelectric power development and 
will proceed with work at early date. 
Project will include power dam, gen- 
erating station with initial installation 
of two hydraulic turbine units of 1500 
and 500-kw. capacity, power substation 
and transmission lines. 

Tenn., Chattanooga—Star Box & 
Printing Co., 1414 Chestnut Street, 
plans installation of electric power 
equipment in new one-story addition to 
corrugated box-manufacturing plant, 
300x500 ft. An award for building 
erection has been let to H. K. Fergu- 
son Co., Hanna Building, Cleveland, 
Ohio. Entire project will cost close to 
$300,000. 

Texas, Fredericksburg—City Coun- 
cil has plans maturing for new munic- 
ipal electric power plant. Cost esti- 
mated about $155,000, rt which $100,000 
will represent a bond issue, recently 
voted and remainder a Federal grant. 
Joseph E. Ward, Harvey-Snider Build- 
ing, Wichita, Kan., is consulting engi- 
neer, 

Texas, Houston—American Chain 
& Cable Co., 905 Live Oak Street, plans 
installation of power equipment in new 
one-story plant, 150x150 ft., on Cliette 
Street. Entire project wili cost over 
$80,000. Erection will be placed under 
way soon. 

Texas, Robstown—City Council has 
plans maturing for new ‘municipal elec- 
tric power plant, using Diesel engine- 
generator units and accessories. Fund 
of $274,000 has been arranged through 
bond issue and Federal aid. Proposed 
to begin work soon. Garrett Engineer- 
ing Co., Houston, Texas, is consulting 
engineer. 

Wis., Black River Falls—Common 
Council has plans under way. for new 
Diesel-electric power plant. Cost about 
$120,000 with generator units and ac- 
cessories. Financing is being arranged 
through Federal aid. Mead, Ward & 
Hunt, State Journal Building, Madison, 
Wis., are consulting engineers. 
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